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OPERATION    OF 
DYNAMOS   AND   MOTORS. 


IKSTAT^LATIOX. 

1.     IiocailQU.^The  location  of  a  large  dynamo  or  motor 
1  a   matter   generally  determined   by  local  surroundings; 
Lhiit  is.  the  pnsition  uf   the  dynamo  depends  on  where  its 
sngine  may  be,  and  the  disposition  of  the  motor  depends  on 
ia  tn  drive  and  where  it  is  located.     Assuming,  how- 
tver,  that  the  conditions  are  such  that  the  selection  of  a  site 
r  the  dynamo  or  motor  is  not  hampered  by  other  consid- 
srations  than  that  the  machine  shall  be  put  in  a  place  best 
hdaptcd  tij  itself,  the  fi)llowing  points  should  be   kept   in 
mind:     It  should  be  kept  in  a  clean,  dry,  cool  place,   out 
i(  reach  of  drippings  from  steam  and  water  pipes,  and  pro- 
tected from  dropping  of  water  due  to  the  condensation  that 
metinies  takes  place  on  an  iron  roof.     Themachineshould 
Inferably  he  placed  where  there  can  be  a  draft  of  air  across 
It  windows  or  doors  on  opposite  sides,  and  in  such  cases, 
r  it  is  located  on  the  ground  floor,  there  should  be  ample 
neiins  for  sprinkling  the  street  in  the  vicinity  to  keep  down 
^e  clouds  of  dust  that  are  otherwise  sure  to  be  present  in 
f  weather.     This  precaution  will  permit  a  free  circulation 
rwhcn  it  is  most  needed— in  the  hot  summer  months, 
le  space  surrounding  the  machine  should  be  clean  and 
e  from  all  obstructions.     Where  the  machine  is  controlled 
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2  OPERATION  OF  §  10 

from  a  switchboard,  a  man  should  be  able  to  go  from  one  to 
the  other  without  going  through  a  belt  or  past  a  number  of 
obstructions.  Dust  from  the  street  is  injurious  to  the 
commutator,  bearings,  and  general  insulation  of  electrical 
machines,  but  dust  from  a  coal  pile  or  any  kind  of  grinding 
or  turning  machine  is  even  more  so;  therefore,  the  engine 
and  dynamo  rooms  should  be  protected  from  the  dust  inci- 
dental to  coal  handling,  and  no  emery  wheels,  grinders, 
speed  lathes,  etc.  should  be  allowed  in  the  room.  Where 
motors  are  installed  in  rolling  mills,  forge  rooms,  carbon 
works,  or  places  where  a  great  deal  of  power  grinding  or 
finishing  is  done,  the  motor  should  be  of  an  enclosed  type, 
its  bearings  should  be  protected,  just  as  those  of  a  grinder 
are,  and  the  machine  should  be  properly  caged. 

aJ.  Foundations. — Every  machine  of  25  horsepower,  or 
more,  should  be  provided  with  a  substantial  foundation, 
and  this  foundation  should,  if  possible,  be  independent  of 
the  floor  and  walls  of  the  building  in  which  it  is  installed,  to 
avoid  communicating  to  them  the  very  disagreeable  vibra- 
tion incidental  to  the  running  of  the  machinery.  Where 
there  are  several  machines  to  be  installed,  the  idea  is  best 
carried  out  by  having  the  whole  floor  space  subconcreted  and 
capped  with  a  layer  of  cement  or  a  wood  floor.  Where  a 
single  machine  is  to  be  installed,  it  is  sufficient  to  limit  the 
foundation  to  a  little  more  than  its  floor  area.  In  any  case, 
solid  brickwork  is  the  best  foundation,  but  where  its  use  is 
impracticable,  a  substantial  wooden  frame  construction  can 
be  used.  Even  where  the  concrete  or  brick  foundation  is 
used,  it  is  customary  to  cap  this  with  a  hardwood  frame, 
served  with  a  high-grade  insulating  compound  of  some  sort; 
the  layer  of  wood  serves  not  only  to  insulate  the  metal 
frame  of  the  machine  from  the  ground,  but  it  acts  as  a 
cushion  to  take  up  the  blows  and  vibration.  The  insulation 
feature  must  not  be  defeated  by  having  the  bolts  that 
secure  the  wood  frame  to  the  masonry  come  in  contact  with 
those  that  secure  the  metal  frame  of  the  machine  to  the 
wood. 
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No  rule  in  regard  lu  the  depth  of  the  foundation  can  be 
given  to  cover  all  cases,  as  the  subsoil  is  so  different  in  dif- 
■  ferent  places.  In  one  section,  bed  nick  will  be  found  a  few 
E  feet  from  the  surface,  while  in  another  section  of  the  coun- 
I  try  it  will  be  necessary  to  drive  piles  to  support  the  founda- 
Itions  for  the  heavier  machines.  Fig.  1  shows  a  style  of 
\  foundation  very  much  used;  the  foundation  proper  is  made 
I  of  brick  laid  with  1  part  of  the  best  cement  to  3  parts  of 
[good,  sharp  sand.  The  surplus  of  excavation  is  filled  in 
Ivith  a  mixture  of  broken  stone  and  cement,  which  is  capped 
,  surface  with  pure  cement.  The  masonry  is  built 
\  around  the  anchor  bolts. 


Wherever  the  machine  is  to  be  belt-driven,  means  should 
l.be  provided  for  tightening  or  slacking  the  lielt.  On  most 
m»chines  this  is  usually  accomplished  by  screws  or  by 
I  mounting  the  machine  on  rails  or  on  a  subbaso  and  moving 
machine  by  means  of  a  ratchet  lever  and  screw.  As  an 
I  example  of  this  wc  may  take  the  machine  shown  in  Fig.  3. 
I  Th«  foundation  should  in  every  case  be  so  disposed  that  the 
iflistance  between  the  driving  and  driven  centers  will  allow 
lone  side  of  the  belt  to  run  looser  than  the  other.  This  dis- 
I  tancc  should  be  at  least  four  times  the  diameter  of  the  larger 
I  pulley. 

S.  Krcctlon. — Small  machines  arc,  as  a  rule,  shipped 
^complete  and  ready  to  run,  so  that  there  is  nothing  to  do 
ibut  to  put  them  in  place,  put  the  pulley  on,  and  line  them 
■up.  Large  machines  cannot  be  shipped  with  safety  in  an 
kassembled  condition,  and  some  arc  so  large  that  they  could 
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not  be  gotten  through  the  door  of  a  closed  car ;  so  they  are 
dismounted  and  the  parts  marked  and  packed  in  separate 
parcels.  It  then  falls  upon  the  roadman  or  the  purchaser 
to  assemble  them  at  their  destination.  Tliis  work  should 
not  be  undertaken  by  one  not  familiar  with  such  work,  and 
even  an  expert  should  not  be  above  consulting  the  blue- 
prints and  the  marks  on  the  parts. 


No  man  should  try  to  assemble  the  parts  of  a  heavy 
machine  without  being  provided  with  the  ri(iging  devices 
adapted  to  the  work.  Large  stations  provided  with  large 
units  are  generally  equipped  with  cranes  to  replace  arma- 
tures or  fields  that  may  become  burned  out.  Small  stations 
are  not  so  well  fixed,  so  the  In-staller  must  usually  look  them 
up  for  himself.  As  the  construction  of  machines  varies  to 
some  extent,  so  must  the  method  of  handling  the  parts.      In 


J 10  DYNAMOS  AND  MOTORS.  6 

■  lo  be  specific,  the  machine  shiwn  in   Fig.  2  will  be 
1   taken  as  the  une  to  be  assembled.     This  is  a  six-pole  belt- 
driven  street-railway  generator  of  the  Westinghouse  type. 
The  bedplate  W  and  the  lower  half  of  ihe  machine  B  are 
'  workedoniolbefounJationby  means  of  crowbars  and  rollers; 
;  the  wooden   sub-frame  projects  above  the  level  of  the 
fliior,  a  false  wood  floor  must  sometimes  be  laid.     The  bed- 
plate is  then  worked  into  such  a  position  that  the  holes  h,  h 
in  the  four  corners  of  the  fimt  flange  fall  just  over  the  holts 
or  bolt  holes  that  they  are  intended  to  engage.     The  block- 
ing is  then  taken  out  and  the  machine  let  down   upon  the 
>  foundation  or  frame,  as  the  case  may  be. 

4.    The  nest  step  is  to  place  in  position  and  connect 

L  together  the  botti>m  field  coils  r.  c ;  the  field  coils  may  be  put 

in  the  top  half  of  the  frame  at  the  same  time,  so  that  this 

part  can  be  strung  into  position  as  soon  as  the  armature  is  in 

place.     Great  care  must  be  taken  that  the  coils  are  slipped 

I  over   the    pole  pieces  with   proper  regard    for    the  marked 

I  ends,  or  trouble  will  surely  result.     Field  coils  that  do  not 

weigh  more  than  200  pounds  may  be  safely  lifted  into  place, 

I  but  great  care  must  be  taken  not  to  bruise  the  insulation  or 

I  bend  or  break   the  terminals.      For  handling  heavier  coils 

I  than  this,  and  also  for  handling  the  armature  and  top  half 

I  of  the  frame,  tackle  must  lie  ringed  immefiiately  above  the 

fotmdation.     In  rigging  this  tackle,  the  total  height  that 

the  top  half  of  the  frame  must  be  lifted  to  get  it  in  place 

after  the  armature  is  in  position  must  be  considered.     If  a 

chain  hoist  must  be  used,  do  not  attempt  lo  lift  a  4,0tl0-pound 

I   armature  or  top  field  half  with  a  3,00(l-pound  hoist — use 

L  a  4,(M)0-I)ound  hoist,   or  even  two  a.OOO-pound  hoists.      To 

k  support  the  hoist,  a  rope  is  slung  in  several  turns  from  a 

I  roof  girder  or  from  a  crosspiecc   laiil  between  two  girders. 

I  Old  cloth  or  carpet  is  interposed  between  the   rope  and  the 

I  girder  so  that  the  former  may  run  no  chance  of  being  cut. 

I  i'he  hoist  is  hung  at  such  a  height  as  will  enable  its  full 

■  lu^sting  range  lo  be  utilized.      If  in  spite  of  all  that   can   be 

le,  the  hoist  docs  not  have  sufficient  range  for  the  highest 
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lift,  the  lift  will  have  to  be  divided  into  two  stages.  These 
two  stages  must  be  such  that  the  end  of  the  first  lift  leaves 
the  part  to  be  lifted  as  near  to  the  floor  as  possible.  The 
part  is  then  securely  blocked,  the  point  of  support  of  the 
hoist  raised,  and  the  lift  completed.  To  put  the  armature 
in  place,  it  is  moved  as  close  as  possible  to  the  machine,  so 
that  its  tendency  to  swing  in,  due  to  its  being  out  of  the 
vertical  line  of  the  hoist,  will  be  a  minimum.  This  tendency 
must  be  further  offset  by  means  of  a  strain  put  on  by  a 
block  and  tackle  or  hand  line  applied  at  the  side.  The 
bearing  parts  of  the  armature  shaft  should  be  encased  in 
cloth  before  lifting,  to  avoid  nicks  and  dents.  The  pillow- 
blocks  should  be  inspected  to  see  that  they  contain  no  iron 
filings  or  other  dirt,  and  should  then  be  filled  with  a  good 
quality  of  oil. 

5,  Under  no  circumstances  should  any  of  the  weight  of 
the  armature  be  supported  by  any  device  in  contact  with 
the  commutator;  the  point  of  support  should  always  be  the 
shaft.  For  handling  small  armatures  whose  pillow-blocks 
are  removable,  a  couple  of  ordinary  handle  bars,  such  as 


Pio.  3. 

those  shown  in  Fig.  :(.  should  be  used,  and  f(.r  the  heavic-r 
ones  a  rope  sling  A"  and  spread  bar  /-'  such  as  are  shown  in 
Fig.  4 ;  note  that  the  rope  is  crossed  on  itself  when  it  passes 
through  the  hook.  When  handling  a  heavy  armature,  its 
commutator  should  be  protected  by  a  blanket  or  other  pad- 
ding t()  save  it  from  knocks  that  may  dent  a  bar  or  damage 
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I  band;  the  armature  should  not  be  rolled  over  the  floor 

[fiarclessly,  as  a  nail  head  or  a  piece  of  hard  matter  of  any 

Jtind  in  its  path  is  liable  to  nick  a  band  wire,  so  that  as  soon 

jits  the  machine  is  up  to  speed  and   heated,  causing  some 

Icxpan&ion,  the  band  wire  will  break.     As  soon  as  the  arma- 

c  is  swung  over  its  final  position,  the  shaft  is  wiped  off 

Iwith  clean  waste  and  served  with  a  thin  film  of  good  cylin- 

><lcr  oil.     The  liuarings  are  then  slipped  on;  in  doing  this, 

Jie  oil  rings  must  be  lifted  by  running  a  clean  round  rod  or 

^tick  in  the  end,  otherwise  the  end   of  the   shaft  may  jam 


lone  of  the  rings  and  bend  or  break  it.  Where  spiral  hear- 
mings  arc  used,  i-are  must  be  laken  to  put  them  on  the  shaft 
las  the  marks  call  for,  otherwise  the  oil  will  be  fed  out 
l-instead  of  in,  and  the  box  will  run  hot.  All  these  points 
■Iwing  looked  after,  the  armature  is  dropped  into  place  and 
■igivetl  a  few  turns  by  hand  to  see  that  the  oil  rings  work  and 
Kthat  there  is  enough  end  play  to  prevent  binding.  Using 
■  the  pulley  end  of  the  shaft  as  a  straightedge,  the  machine 
ris  now  leveled  by  means  of  a  spirit  level,  split  sheet-iron 
E  washers  being  |iut  under  the  bedplate  around  the  anchor 
|,bolt3  if  one  end  must  be  raised. 

6<  If  the  foundation  and  frame  have  been  well  made, 
e  or  no  lining  will  be  called  for.  With  the  armature  in 
alace,  the  top  half  of  the  frame,  whose  field  coils  have  been 
ireviously  connected,  is  lifted  on.  The  joint  between  the 
^p  and  bottom  halves  should  be  well  cleaned  before  setting 
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them  together ;  it  may  be  necessary  to  wipe  off  some  white 
lead,  put  there  to  prevent  rust,  or  to  surface  down  a  dent 
due  to  a  falling  tool.  Where  the  machine  has  detachable 
pole  pieces,  the  same  care  should  be  exercised  in  regard  to  the 
surfaces  between  them  and  their  seats  on  the  frame.  When 
the  top  half  is  in  place,  the  pulley  is  put  on,  the  machine 
lined  up  to  the  engine  that  is  to  drive  it  or  to  the  pulley 
that  it  is  to  drive,  and  the  yoke,  brush  holders,  and  other 
fittings  put  on.  The  driving  belt  should  have  a  cemented, 
not  a  laced,  joint.  It  must  be  borne  in  mind  that  in  order 
to  make  a  good  job  of  lining  up  the  motor  or  dynamo,  it  is 
necessary  that  the  device  to  which  it  is  to  be  belted  has 
been  installed  with  the  same  care  as  the  dynamo  itself. 

7.  Starting:  Vp. — If  the  machine  is  a  dynamo,  it  is,  of 
course,  started  up  by  means  of  its  engine;  if  a  motor,  cur- 
rent from  the  line  must  be  used.  In  either  case,  be  sure 
that  there  are  no  tools  or  other  parts  lying  on  the  belt  or 
on  the  dynamo  where  they  can  shake  off  on  to  the  arma- 
ture or  be  sucked  up  by  the  fields.  The  machine  should  be 
run  at  about  half  speed  for  an  hour  or  more  to  give  bad 
bearings  a  chance  to  show  their  presence  and  to  see  that 
the  oil  rings  do  not  stick.  If  all  the  parts  of  the  machine 
seem  to  be  in  good  working  order,  the  speed  can  be  run  up 
to  its  normal  rate,  and  the  machine  given  a  chance  to  pick 
up  its  field,  but  no  load  should  be  put  on  for  several  hours. 
Where  the  parts  of  a  machine  have  been  exposed  and  are 
damp,  the  insulation  will  be  low,  and  arrangements  should 
be  made  to  bake  the  windings  with  current  at  low  voltage, 
so  that  there  may  be  no  risk  of  a  burn-out  at  the  start;  but 
in  testing  the  insulation  of  a  machine  that  is  running  on  a 
grounded  circuit,  such  as  a  street-railway  circuit,  unless  the 
permanent  ground  is  removed,  the  insulation  will,  of  course, 
show  a  dead  ground. 

8.  The  machine  should  be  turned  over  very  slowly  at  first, 
so  that  in  case  it  is  not  lined  up  exactly  right  the  belt  will  not 
runoff  before  the  necessary  change  can  be  made;  should 
the  belt  try  to  come  off,  it  can,  as  a  rule,  be  held  on  with  a 


lar  imlil  the  machint;  can  be  stopped;  even  if  the  belt  does 

Some  off  on  the  outside  of  tht  pulley,  no  spL-cial  harm  is 

;  but  if  it  comes  off  insidt-  of  the   pulley,  il   is  liable  to 

one  of  its  edges  curled  and  stretched  and  it  will  give  con- 

ktant  trouble  afterwards.     On  this  account,  it  is  a  good  plan. 

f  there  is  any  doubt  as  to  whether  the  pulleys  are  in  line,  tn 

lant  the  machine  pulley  a  little  in  favor  of  th.e  outer  edge. 

I  O.     In  order  for  a  dynamo  to  pick  up  its  field,  it  is  ncces- 

[Siry  that  the  fields  have  a  little  residual  magnetism  left  over 

ttom  the  last  charge.     Electric  machines,  except  some  of 

!  largest  sizes,  are  always  tested  under  load  before  they 

iavc  the  factory,  and,  as  a  rule,  retain  enough  of  the  mag- 

letism  to  "pick  up"  on  when  they  are  installed.     But  some- 

times  on  the  way  from  the  factory  to  their  destination  this 

magnetism  is  not  only  vibrated  out  of  them,  but  in  some 

cases  the  vibration  has  been  known  to  reverse  the  j>olarityi)f 

L(lie  dynamos.     Even  machines  in  service  a  long  lime  lose  or 

I  their  residual  magnetism  for  no  apparent  reason. 

Sn  such  cases,  the  fields  must  be  recharged.     In  the  case  of 

■n  isolated  machine,  this   recharging   must  be  done  from  a 

lattery,  unless  there  is  some  other  machine  in  the  neighbor- 

Htd  that   can  be  temporarily  tapped   to  the  outside  Hne; 

^herc  there  is  more  than  one  machine,  the  field  of  the  dead 

ne  can  be  charged  from  the  live  one;  in  such  a  case,  the 

ield  leads  must    be  either  disconnected  or  the  brushes  lifted 

f  the  commutator  of  the  dead  one,  to  avoid  running  it  as 

I  motor.     Of  course,  in  the  case  of  a  motor,  the  field  current 

:up|>lied  from  the  line,  so  that  with  motors  there  is  no 

Ftrouble  on  account  of  the  fields  losing  their  magnetism. 


OPEHATIOX. 

10.  r,onoi-«l  Civro  of  fliL-  SliifUInerj.— The  dynamc 
■  motor  and  all  devices  connected  with  its  operation  or 
legulation  should  be  kept  perfectly  clean.  No  cupper  or 
!Srbon  dust  shoulrl  be  allowed  to  accumulate  to  cause  break- 

wns  in  insulation.     The  oil  gauges  and  grooves  should  be 


10  OPERATION  OF  §  10 

kept  in  working  order  and  the  oil  in  the  wells  should  be 
renewed  at  regular  intervals.  The  brushes  should  be  kept 
clean.  They  should  be  set  and  trimmed  to  fit  the  com- 
mutator, and  copper  brushes  should  be  taken  out  once  in  a 
while,  whenever  they  become  clogged,  and  dipped  in  gasoline 
to  cleanse  them.  When  a  machine  is  shut  down,  copper 
brushes  should  always  be  lifted  just  before  the  dynamo  comes 
to  a  stop  and  they  should  not  be  let  down  until  the  machine, 
if  a  dynamo,  is  under  headway  again.  New  carbon  brushes 
should  be  sandpapered  to  fit  the  commutator,  by  sliding  a 
piece  of  sandpaper  back  and  forth  between  them  and  the 
commutator.  Do  not  use  emery  paper  for  cleaning  the 
commutator,  as  emery  is  more  or  less  of  a  conductor  and 
may  cause  short-circuiting  between  the  bars;  also  small 
pieces  of  emery  become  lodged  in  the  brushes  and  scratch 
the  commutator.  The  connections  and  all  sctscrews  and 
bolts  should  be  inspected  regularly  to  see  that  none  are 
liable  to  become  loose  and  fall  out.  All  screws  that  secure 
shunt-field  or  rheostat  wires  should  be  fixed  by  a  drop  of 
solder. 

Oil  should  be  used  very  sparingly,  if  at  all,  on  the  com- 
mutator; to  lubricate  it,  put  a  film  of  vaseline  on  a  canvas 
cloth,  fold  the  cloth  once,  and  let  the  commutator  get  only 
what  goes  through  the  pores.  Never  allow  a  loose  article  of 
any  kind  to  lie  on  any  part  of  a  machine.  .  Oil  cans  should 
be  made  of  brass  so  that  they  will  not  be  attracted  by  the 
pole  pieces.  Do  not  allow  a  belt  to  run  tight  enough  to 
cause  a  hot  box,  nor  let  it  run  so  loose  as  to  squeak  and 
threaten  to  come  off.  When  closing  a  switch,  do  not  tap  it 
in  to  see  if  everything  is  all  right,  Ijut  once  the  mind  is 
rjiade  up  that  everything  is  as  it  should  be,  close  the  switch 
firmly.  The  operator's  eyes  and  hands  are  of  more  impor- 
tance and  value  than  anything  else  in  the  station.  If  there 
is  anv  doubt  abf  ut  whether  a  switch  should  be  closed  or  not, 
do  not  close  it  until  all  doubt  is  removed.  All  switches 
shmild  be  left  open  when  the  machine  is  not  in  action. 
Circuit-breakers  should  be  tried  at  frequent  intervals  to  see 
that  they  are  not  stuck  or  set  for  the  wrong  load. 
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a.  On  direct -current  machines,  tlic  brushes  and  com- 
nutator  require,  perhaps,  more  attention  than  all  the  other 
larts  of  the  machine  put  together.  Brushes  should  in  the 
Hrst  plaee  be  of  sutBcient  size  to  carry  the  full-load  current 
t  the  machine  without  heating,  Brushes  are  of  two  kinds: 
tatft'a/ und  taitgrntittl;  nulliil  brushes  point  straight  al  the 
^Rtcr  of  the  circle  tnat  represents  the  outline  of  the  com- 
Buiatnr;  their  direction  is  parallel  to  the  radius,  as  shown 
ji  Fig.  5  (ir),  Tnnvcntlnl  brushe:*.  Fig.  5  {b),  are  generally 
pade  of  copper  and  are 
Eound,  as  a  rule,  on  lighting 
machines.  Radial  brushes 
c  made  of  carbon  and  are 
atly  found  im  power  ma- 
1,  though  they  are  now 
irgcly  used  on  lighting  ma- 
,s  well.  Carbon 
irushcs  are  used  on  machines 
jprhose  output  Is  at  a  com- 
wratively  high  voltage,  and, 

,   low   curFont;   copper  "^'  ''*> 

krushcs,  on  machines  of  high  •'■"■  '^■ 

garrent  and  low  voltage.  Also,  carbon  radial  brushes  are 
I  on  machines  that  must  admit  of  being  reversed  in 
lation.  Carbon  brushes  are  generally  found  on  machines 
nbjected  to  sudden  and  violent  variations  of  load,  while 
jcr  brushes  are  better  adapted  to  conditions  of  slowly 
■ying  or  constant  load.  Carbon  brushes  are  usually 
topper  plated  to  within  J  inch  or  i  inch  of  their  bearing 
indft,  in  order  to  give  them  belter  contact  with  the  brush 
noldcrs.  Also,  carbon  brushes  often  contain  a  lubricant  in 
the  form  of  the  paraffin  with  which  thecarbondust  is  treated 
in  the  course  of  its  manufacture,  so  that  these  brushes  being 
^f-lubricating,  nw  compound  or  grease  is  needed  on  the 
nutator  itself.  With  carbon  brushes,  the  commutator 
tes  an  a  dark-chocolate  polish  and  the  brushes  emit  a 
bucaking  noise  at  starting  or  stopping. 
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12.  Carbon  brushes  are  made  in  several  grades  of  hard- 
ness, adapted  to  different  conditions  of  working  and  different 
kinds  of  commutators.  In  stationary,  direct-current  work, 
soft  carbon  is  used;  on  street-car  work,  hard  carbon. 
Carbon  has  the  great  advantage  that,  being  of  relatively 
high  resistance,  it  limits  the  value  of  the  current  generated 
in  the  coils  that  are  short-circuited  as  they  pass  under  the 
brushes  and  thereby  reduces  the  sparking.  By  reason  of 
this  fact,  carbon  brushes  admit  of  a  wide  variation  in  the 
load  and  hence  in  their  non-sparking  positions,  without 
giving  any  trouble.  This  is  why  carbon  brushes  are  used  on 
high-voltage  dynamos  where  there  are  sudden  and  violent 
changes  that  cannot  be  met  by  shifting  the  brushes.  With 
copper  brushes  it  is  different ;  copper  is  of  such  low  resist- 
ance that  the  short-circuited  coil  passing  under  a  brush 
generates  sufficient  voltage  to  force  a  large  current  that 
causes  sparking  through  the  local  circuit  comprising  the 
coil,  two  commutator  bars,  and  the  brush.  This  condition 
occurs  if  a  variation  in  the  load  leaves  the  brushes  out  of  the 
non-sparking  points,  so  that  copper  brushes  must,  as  a  rule, 
be  shifted  to  meet  any  variations  in  the  load.  Many  kinds 
of  copper  brushes  have  been  devised  to  meet  this  objection; 
in  every  case  the  object  has  been  to  increase  the  resistance 
in  the  path  of  the  short-circuited  coil  without  increasing  the 
resistance  to  be  traversed  by  the  main  current  of  the 
machine.  To  this  end,  brushes  have  been  made  of  alternate 
layers  of  copper  and  of  carbon,  or  have  been  made  of  copper 
wires  or  gauze. 

In  Fig.  f),  A  is  the  ring  armature  of  a  dynamo  sending  a  cur- 
rent through  lamps  L  by  way  of  brushes  a-\-,  a—  ;  coils  r,  c 
are  passing  under  the  brushes  and  are,  therefore,  being 
short-circuited  by  them  through  the  local  loops,  ]-2-S-Jf- 
5-6-7.  It  is  not  hard  to  see  that  if  the  center  of  the  brush 
throughout  its  width  be  made  of  an  insulating  material,  as 
indicated  by  the  dotted  lines,  the  local  current  due  to  the 
short-circuited  coil  cannot  get  from  the  heel  of  the  brush 
to  the  toe,  or  vice  vcrsa^  without  first  flowing  up  and 
down  the  full  length  of  the  brush,  so  that  the  short-circuited 
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pjl  cannot  generate  so  large  a  current,  although  the  flow  of 
:  current  in  the  main  circuit  of  armature  and   lamps  is 

bt  interrupted.  On  account  of  its  decreasing  the  capacity 
[  the  brush,  and  for  other  reasons,  it  is  not  desirable  to 
[eak  the  short  local  circuit,  but  a  compromise  is  made  by 
mstructiug  the  brush  of  alternate  layers  of  copper  and 


|rbon  arsome  metal  whose  specific  resistance  is  high  enough 
b  reduce  the  current  in  the  short-circuited  coil,  but  not  high 
plough  to  offer  any  serious  impediment  to  the  flow  of  the 
lain  current.  Copper  brushes  are  never  made  solid;  they 
B  made  flexible,  in  one  way  or  another,  so  that  they  may 
B  readily  conform  to  the  surface  of  the  commutator  and 
\&T  at  as  many  )K>inls  as  possible. 

1&  Ordinary  copper  bru.shes  arc  not  strictly  tangential, 
i  type  being  used  only  on  small  machines  and  on  arc- 

fht  machines  where  the  current  is  small.  A  form  of 
ictly  tangential  brush  is  shown  in  Fig,  7  (a).  Carbon 
ishcs  arc  often  made  as  a  kind  of  compromise  between 
S  tangential  and  the  radial  types,  as  shown  in  Fig.  7  {A). 

1st  as  in  the  case  of   the  most  common  form  of  copper 

uh,  it  is   neither  exactly  perpendicular   nor  parallel  to 

^rsulius  of  the  circle  representing  the  end  view  of  the  com- 

gitator.     No  matter  what  style  of  brush  is  used,  it  should 
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bear  against  the  commutator  with  the  proper  tension.  All 
generator  brushes  and  stationary-motor  brushes  are  so 
arranged  that  the  tension  can  be  regulated.  Portable 
motors  (street-railway  motors)  are  not  so  fortunate.  They 
are  so  limited  in  point  of  space  and  accessibility  that  the 
brush-holding  device  must  be  designed  to  average  the  right 
tension  throughout  the  life  of  the  brush. 

The  tension  that  a  brush  spring  must  have  depends  on 
the  material  and  condition  of  the  commutator  and  on  the 

material  of  the  brush 
itself.  A  copper  brush 
does  not,  as  a  rule,  call 
for  as  much  tension  as 
a  carbon  brush,  and  soft 
carbon  will  run  with  less 
tension  than  hard  car- 
bon; a  rough  commuta- 
tor needs  more  brush  ten- 
sion than  a  smooth  one; 
for  given  brush  contact, 
large  currents  call  for 
more  pressure  than  small 
ones.  F  i  n  a  1 1  V,  where 
there  are  several  brushes 
in  each  holder,  the  tension  must  be  the  same  on  all,  so  that 
they  will  all  take  about  the  same  current.  This  tension 
should  be  great  enough  to  pass  the  current  without  sparking 
or  heating,  but  it  should  not  be  great  enough  to  wear  out  the 
commutator  unnecessarily.  One  of  the  features  most  con^ 
ducive  to  success  with  brushes  is  the  proper  setting  of  them  ; 
this  subject  will  be  taken  up  in  the  article  on  '^  Sparking." 

If  the  contact  between  the  brush  and  the  commutator  is 
loose,  the  contact  resistance  will  be  high  and  heating  will 
result.  On  the  other  hand,  increasing  the  pressure  beyond 
a  certain  amount  results  in  very  little  reduction  of  resistance, 
but  greatly  increases  the  friction.  For  stationary  work,  a 
pressure  of  2  to  2.V  pounds  per  square  inch  of  ])rush  contact 
surface  should  be  sufficient.      For  railway  work,  the  pressure 
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las  lo  be  much  heavier  in  account  of  tht;  jarriny  to  which 
flic  motor  is  subjected. 

14.    One  of  the  greatest  weaknesses  of  carbon  brushes  is 

lat  they,  at  limes,  slick  in  the  hnlJcr  so  that  the  tension 

ns  is  not  strong  enough  to  force  down  the  brush  to  its 

:e,  .iiid  even  if  it  does  force  it  down,  the  pressure  on  the 

tommutator  will  be  too  light.     This  very  serious  fault  may 

!  due  to  cither  of  twocaiises:  lack  of  uniformity  in  the 

llickncss  of  the  brush  or  an  excess  of  parafihn  in  the  brush. 

(  a  brush  is  thicker  at  one  end  than  it  is  at  the  other,  it  may 

3  into  the  holder  freely  if  put  in  thin  end  first,  and  might 

lot  g"  in  at  all  on  the  thick  end.     The  result  of  this  is  that 

&  soon  as  the  brush  wears  down  to  a  point  where  the  thick 

md   enters  the    holder  it  sticks.      On  the  other    hand,  the 

^ult  may  be  due  to  a  nick  or  burr  in  the  brush  holder  itself. 

;  only  way  to  gel  rid  of  all  chance  of  such  trouble  is  to 

ia\"<;  a  hard-steel  gauge  for  the  brushes  and  another  for  the 

loldcrs;  discard  all  brushes  that  will  not  pass  through  the 

(rush  gauge  freely  and  file  out  any  holder  that  will  not  take 

[he  holder  plug   gauge.     As  a   final  cheek   against  a  bad 

Irush  getting  into  use,  always  try  the  brush  in  the  holder 

ad  for   end.     The    common    practice   of    sandpapering   a 

1  lo  get  it  in  is  a  very  bad  one,  as  it  not  only  makes  the 

1  loi>sidi.'d,  thereby  impairing  its  contact  with  the  main 

lurface  in  the  holder,  but  it  also  takes  off  the  copper  plating. 

I  The  second   source  i)f   trouble— an  excess  of   paraffin  in 

!be  brush — is  accounted  for  as  follows:     If  a  carlwn  brush 

I  anugly  fitted  into  the  holder  so  that  it  slides  back  and 

>rth  freely,  but  without  any  clearance,  while  the  holder 

brush  are   cold,  as   soon   as   they   become   warm   the 

I  ooKcs  out,  forms  a  paste  witli  whatever  carbon  it 

XT  dust  there  may  be  present,  and  causes  the  brush  to 

It  is  a  very  common  occurrence  to  sec  brushes  that 

(hve  been  giving  trouble  coated  with  a  tough  skin  of  carbon 

n&t  Und  paradin  thai  can  be  readily  scraped  off  with  a  knife. 

I  very  essf  ntial  that  the  brushes  should  be    kept  clean 

|pd  trimmed  to  fit  the  commutator;  to  trim  them,  an  iron 
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jig  similar  to  that  shown  in  Fig.  7  {c)  should  be  used  so 
that  the  bevel  may  be  kept  perfectly  true.  This  jig  is 
intended  more  particularly  for  filing  copper  brushes. 
Carbon  brushes  can  be  sandpapered  to  shape  in  place. 


THE  COMMUTATOR. 

15,  The  commutator  is  the  most  sensitive  part  of  a 
machine  and  its  faults  are  liable  to  develop  more  quickly 
than  those  of  any  other  part.  When  a  commutator  is  in 
the  best  possible  condition,  it  becomes  a  dark-chocolate 
color,  is  smooth,  or  glazed,  to  the  touch,  and  causes  the 
brushes,  if  of  carbon,  to  emit  a  characteristic,  squeaky 
noise  when  the  machine  is  turning  slowly.  Under  no  cir- 
cumstances should  any  weight  be  allowed  to  rest  upon  the 
commutator,  nor  should  it  be  caught  with  a  sling  when  the 
armature  is  being  lifted.  The  commutator  should  pref- 
erably be  set  upon  a  tapered  seat  on  the  shaft,  forced  up 
to  its  seat,  and  secured  with  a  nut  and  lock,  besides  being 
provided  with  a  key  to  prevent  turning.  With  such  an 
arrangement,  the  problem  of  putting  on  or  taking  off  a 
commutator  is  very  much  simplified.  Great  care  should  be 
taken  to  eliminate  every  possibility  of  the  device  becoming 
loose,  as  such  a  defect  gives  rise  to  others,  among  which  can 
be  named  open-circuited  leads  and  consequent  sparking. 
Great  care  should  be  taken  to  secure  the  best  insulation 
between  the  bars  and  the  shell,  and  from  bar  to  bar,  as  a 
breakdown  in  the  commutator  insulation  has  the  same  effect 
as  a  breakdown  in  the  insulation  of  the  armature  winding 
itself.  The  commutator  bars  should  be  perpendicular  t<^  a 
plane  at  right  angles  to  the  shaft,  so  that  the  brushes  will 
not,  in  effect,  set  on  a  diagonal  and  cover  more  bars  than 
they  should.  To  secure  the  best  results,  the  brush  holders 
should  be  set  as  close  to  the  commutator  as  possible,  so  as 
to  do  away  with  chattering.  This  is  most  desirable  on 
machines  that  are  to  run  in  both  directions,  and  the  brush 
holder  should,  on  such  machines,  be  designed  to  slidQ  radially 
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awards,   so    lh;it    wear   in    the  commiitalor  can  always  be 
teadily  compensated  for, 

16.     If  a  dynamo  or  motor   is   not  :il)iised  with  too  mufh 

(verload,  if  the  brushes  are  set  properly,  and  if  the  commu- 

s  made  of  the  proper  material,  it  should  seldom  get 

•ugh.     As  a  rule,  sandpaper   and  emery  clotlr  are   used 

■ound  machines  much  more   than   they  should   be.     For 

dinary  roughness  of  the  commutator,  due  to  some  tera- 

iiry  abnormal  condition,  it  is  well  enough  to  use  sand- 

>er,  but  f<)r  chronic  roughness  some  more  permanent  cure 

St  be  applied,  as  there  is  some  serious  cause  behind  the 

■ouble.     Take  any  of  the  following  troubles,  for  example: 

If  a  commutator,  when  it  is  built,  is  not  properly  baked 

r  screwed  down  after  it  is  baked,  it  is  liable  to  bulge  out 

i  ihc  course  of  lime  under  the  action  of  the  heal  due  to 

lormal  load  and  the  centrifugal  force,  or  it  may  develop 

Bosc  bars.     In  the  case  of  the  bulging  of  one  side,  sand- 

lapcr  will  not  do  any  good,  because  from  the  nature  of  the 

f  in  which  it  must  he  applied,  the  low  part  gets  as  much 

fiadpapcring  as  the  high  part  and  the  relation  between  the 

J  is  kept  the  same.      The  best  thing  to  do  with  a  commu- 

r  that  bulges  badly  is  to  take  it  off,  bake  it   so  as  to 

1  the  insulatitm,  lighten  it  up  well,  and  turn  it  off  in 

litthe.     For   ordinary   curvatures   of   surface,   that   is. 

ess  due  to  wear,  it  is  customary  to  set   up  a  tool 

JSt  and  slide  rest  on  the  bedplate  of  the  machine  itself  and 

a  off  the  commutator  in  position. 
If  the  machine  is  a  dynamo,  it  is  run  from  its  engine, 
a  must  be  run  very  slowly;  if  the  machine  is  a  motor, 
S  speed  must  be  cut  down  by  putting  a  water  resistance  in 
s  with  the  armature  but  not  with  the  field;  in  either 
,  a  ttKil  with  a  diamond-shape  point  must  be  used  and 
a  spetid  must  be  such  that  the  bars  will  not  be  burred  nor 
e  of  the  tool  burned.  Keep  the  cutting  point  just 
put  opposite  (but  a  trifle  above  rather  than  below)  the 
ffof  the  ccimmutator.  After  the  commutator  is  turned, 
t  should  be  smoothed  off  with  a  file  and  sandpaper,  any 
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burrs  between  the  bars  should  be  picked  out,  and  vaseline 
sparingly  applied  through  the  pores  of  a  coarse  canvas  rag. 
Always  have  the  brushes  raised  when  sandpapering  a  com- 
mutator, even  if  the  machine  has  to  be  given  a  start  and 
allowed  to  run  on  its  own  momentum,  because,  otherwise, 
the  brushes  will  catch  all  the  dust,  with  the  result  that  they 
are  apt  to'get  clogged  or  the  commutator  become  scratched. 
Outside  of  this,  it  is  dangerous  to  sandpaper  a  machine  that 
runs  with  an  excited  field  and  at  a  high  speed,  because  the 
flying  copper  dust  might  be  the  cause  of  a  short  circuit  that 
will  burn  the  operator.  This  has  happened  more  than  once. 
A  narrow  scratch  or  several  of  them  all  around  the  com- 
mutator means  that  there  are  particles  of  hard  foreign 
matter  under  one  or  more  of  the  brushes;  the  best  thing  to 
do  is  to  take  out  the  brushes  and  clean  them.  A  broad 
scratch  around  the  bearing  surface  of  the  commutator  prob- 
ably means  that  one  of  the  brush  holders  has  been  set  too 
close  or  has  become  loose  and  slipped  down  to  a  point  where 
it  touches  the  bars.  The  same  scratchy  appearance  around 
the  ears  of  the  bars  probably  means  that  the  armature  has 
too  much  end  play  or  that  one  of  the  brush  holders  is  set 
over  too  far. 

17.  Ili^li  Bars. — A  metallic  click  emitted  twice,  four 
times,  or  six  times  (according  to  the  number  of  brush  hold- 
ers in  use)  per  revolution,  indicates  a  high  bar  in  the  com- 
mutator; in  such  a  case,  the  brushes  will  be  seen  to  jump  a 
little  when  the  high  bar  passes  under  them.  A  high  bar 
can  come  about  in  either  of  two  ways:  it  may  be  due  either 
to  a  loose  bar  working  out  or  to  the  fact  that  one  bar  is 
much  harder  than  any  of  its  neighbors,  and,  therefore,  does 
not  wear  down  at  the  same  rate.  If  the  high  bar  seems  to 
be  firm  under  a  blow  from  a  hammer,  it  will  be  safe  to  take 
it  down  with  a  file  while  the  armature  stands  still;  but  if 
the  hammer  test  proves  the  bar  to  be  floating,  it  is  a  s'erious 
matter,  and  nothing  short  of  a  regular  repair  job  will  give 
satisfaction.  In  testing  a  bar  or  bars  with  the  hammer, 
care  must  be  taken  not  to  nick  or  dent   the  commutator,  as 
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irh  a  dcfaccn 

it  will  be  I 

18. 


L-m  will  cause  thf  high-bar  c 
lisl  catling. 


r  liars.— A  fault  very  much  akin  l"  a  hij^h  bar 

ore  serious  in  moi^l  cases,  is  the  lnw  bar,  which 

vives  forth  very  much  the  same   sound,    but    the    brushes 

■op,  instead  of  rising,  as  the  fault  passes  under  them.    The 

ipff-har  trouble  may  bo  due  to  anyof  several  causes:  it  may 

c  due  to  the  commutator  having  received  a  severe  blow  in 

s  course  of  handiing;  to  one  or  more  bars  being  of  poorer 

laterial  than  the  rest;  or  it  may  be  due  to  the  gradual  eat- 

ng  away  of  the  bar  on  account  of  sparking  at  that  particu- 

Bir  place.     On  any  but  ordinary  bipolar  machines,  a  loose 

Sonnection  will  generally  affect  more  than  one  bar.     The 

^ain  difference  between  a  high  bar  and  a  low  one  is  in  the 

mount  of  work  required  to  remedy  them.      A  high  bar  can 

B  r.:moved  by  filing  down  or  turning  down  that  bar  alone 

s  the  level  of  the  others,  but  to  get  rid  of  a  low  bar.  the 

[est  of  the  commutator  must  be  brought  down  to  its  level, 

iThia  means  that  unless  the  low  bar  or  fiat  is  very  slight,  the 

Eommutator  must  be  turned  off.     There  are  several  other 

hults  pertaining  to  commutators  that  will  be  taken  up  under 

!  head  iif  "  Sp.arking." 

19.  Of  course  the  most  serious  condition  is  to  have  a 
iiututor  that  is  ptmrly  made  and  of  poor  stock.  If  the 
mica  and  capper  used 
of  the  proper 
relative  hardness,  one 
wear  down  faster 
Itban  the  other,  leaving 
pile  surface  of  the  com- 
bUUtor  a  succession  of 
If  the  mica  is  l^n 
,  it  ■will  pit  oui  be- 
sen  the  bars,  leaving 
\  troagh  to  fill  up  with 
1  dust  and  in  a 
!  short-circuit  the 
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neighboring  armature  coils.  If  the  mica  bodies  are  too 
hard  or  too  thick,  the  bars  will  wear  in  ruts  and  call  for  fre- 
quent turning  down.  The  best  combination  for  all-round 
work  is  made  of  soft,  clear  mica  and  hard-drawn  copper. 
One  practice  of  the  day,  and  one  that  tends  to  materially 
increase  the  life  of  a  commutator,  is  to  so  design  the  shape 
of  the  commutator  bars  and  the  set  of  the  brushes,  and  to 
so  proportion  the  end  play  of  the  armature  that  the  brushes 
will  play  over  the  whole  wearing  surface  of  the  commutator. 
Fig.  8  shows  such  a  disposal  of  the  brushes,  which  are  said 
to  be  stagrgrered.  The  plan  is  to  have  the  brushes  so  dis- 
posed that  no  ridges  can  be  formed  either  on  the  outside 
edges  or  center  of  the  commutator. 


THE  ARMATURK. 

20.  Armatures  should  be  handled  with  great  care,  as  it 
is  an  easy  matter  to  bruise  a  coil  or  a  lead,  and  this  may  not 
be  noticed  until  the  machine  is  started  up  and  the  trouble 

m 

begins.  All  armatures  should  be  supported  by  their  shafts 
as  much  as  possible,  and  should  not  be  rolled  around  on  the 
floor  at  the  risk  of  having  a  coil  punctured  or  a  lead  broken. 
When  lying  on  the  floor,  they  should  lie  upon  padding  of 
some  sort.  Extra  armatures  not  in  use  should  be  kept 
housed  in  a  dry  place.  The  bearings  and  end  play  of  the 
armature  in  use  should  be  closely  watched  so  that  the  core 
may  not  be  let  down  on  the  pole  pieces. 

!31.  Ilent injur  of  Armatures. — An  armature  should  run 
without  excessive  heating;  if  it  heats  so  as  to  give  off  an 
odor,  any  of  several  things  may  be  the  matter  with  it.  It 
may  be  damj) — a  condition  that,  as  a  rule,  is  shown  by 
steaming,  but  which  can  be  better  determined  by  measur- 
ing the  insulation  to  the  shaft  with  a  voltmeter.  This  insu- 
lation should  be  at  least  500,000  ohms  when  the  machine  is 
hot.  If  less  than  this,  the  armature  should  be  baked, 
either  in  an  oven  or  by  means  of  a  current  passed  through 
it  in  series  with  a  lamp  bank  or  water  resistance.     In  using 
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t  water  rheostat  watch  it  clnsely.  fnr  the  current  increases 
s  the  water  becomes  hot.  The  baking  current  should  not 
M;cced  the  full-load  current  of  the  machine.  In  applying 
t  current  to  the  armature,  be  sure  that  the  series  field,  if 
:  machine  has  one,  is  not  included  in  the  circuit,  and  that 
s  shunt  field  is  broken  ;  for  if  either  field  is  on,  the  machine 
lay  start  up  as  a  motor.  A  machine  that  is  loo  damp  to 
vn  will  heat  at  no  load  as  well  as  at  full  load. 

•f!i.    Another  cause  of  heating  under  no  load  is  due  to 
;  commutator   being  partially  short-circuited  all  around 
m  bar  to  bar,  so  that  even  when  the  coils  are  in  the  most 
ivc  part  of  the  field,   a   strong  current   can   be  set  up 
[through  the  local  circuit   provided  by  the  coils  themselves, 
[the  commutator  bars  to  which  iheir  ends  are  attached,  and 
flhtt  defective  insulation  between  these  bars.     Such  a  con- 
often  arises  on  an  old  machine,  where  the  oil  applied 
D  the  commutator  has  soaked  into  the  mica  bodies  and  car- 
ionized.      There  is  a  case  on  record   where  the  commutator 
s  so  short-circuited   in  this  way  that  the  machine  would 
;  start  as  a  motor,    because  the  applied  current  passed 
lliruugh  the  commutator  instead  rif  through  the  armature 
The  only  true  remedy  fur  such  a  trouble  is  to  put  on  a 
commutator.      Temporary   relief   can   sometimes  be 
ibtained  by  taking;  a  deep  cut  off  the  commutator,  thereby 
moving  the  most  defective  part  of  the  insulation. 

If  instead  of  the  whole  armature  running  hot,  the 
t  is  confined  to  one  or  two  coils,  the  indications  are  thai 
e  is  3  short  circuit  either  in  a  coil  or  between  the  two 
mmutator  bars  that  the  ends  of  the  coil  connect.  Such  a 
rcuited  coil  run  in  a  fully  excited  field  will  soon  burn 
self  out.  A  short  circuit  of  this  kind  can  be  readily 
elected  by  holding  an  iron  nail  or  a  pocket  knife  up  to  the 
[  of  the  armature  while  it  is  running  in  a  field;  any 
Sting  short  circuits  in  the  coils  or  commutator  will  cause 
[ricceof  metal  to  vibrate  very  perceptibly.  One  or  more 
il  connections  reversed  on  one  side  ul"  the  armature  will,  on 
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a  dynamo,  cause  a  local  current  to  flow  from  the  strong  half 
to  the  weaker  half,  and  thereby  cause  all  the  coils  to  heat 
more  than  they  should,  besides  decreasing  the  effective 
E.  M.  F.  of  the  machine.  On  a  motor,  the  effect  is  to 
decrease  its  counter  E.  M.  F.  so  that  it  will  take  more  cur- 
rent under  given  conditions,  while  the  side  containing  the 
reversed  coils  will  be  hotter  than  the  other  side.  The  test 
for  such  a  condition  is  to  pass  a  current  into  the  coils,  one  at 
a  time,  through  the  commutator  bars,  and  to  hold  a  compass 
needle  over  the  coil  that  is  connected  to  the  two  bars  being 
fed ;  as  soon  as  the  reversed  coils  are  reached,  the  compass 
needle  will  reverse  the  direction  of  its  deflection.  The  coils 
must  be  disconnected  and  their  ends  reversed. 

24.  A  broken  armature  lead  or  an  open-circuited  coil 
soon  declares  itself  by  causing  a  spark  to  travel  around  the 
commutator.  A  grinding,  rumbling  noise  accompanied  by 
excessive  sparking  and  perhaps  some  slipping  of  the  belt 
indicate  that  the  bearings  have  worn  down,  letting  the 
armature  rub  on  the  pole  pieces.  This  is  a  trouble  that 
takes  place  too  often,  and  there  is  no  excuse  for  it,  for  even 
if  one  does  not  know  how  long  a  set  of  bearings  should  run, 
he  can  easily  tell  how  much  wear  has  taken  place  by  gauging 
the  distances  between  the  armature  core  and  the  top  and 
bottom  pole  pieces.  In  such  a  case,  the  whole  surface  of 
the  armature  becomes  hot  and  the  bottom  pole  pieces  and 
armature  core  show  signs  of  abrasion. 

25.  An  armature  will  sometimes  get  very  warm  through 
no  fault  of  its  own,  but  through  heating  from  an  abnormally 
hot  bearing.  Heat  due  to  such  a  cause  can  generally  be 
detected  by  the  odor  given  off  by  the  hot  oil.  Another 
serious  trouble  to  which  armatures  are  liable,  especially 
motor  armatures,  is  a  bent  shaft ;  this  causes  a  very  char- 
acteristic rattling  noise  to  be  emitted,  the  brushes  spark, 
and  the  belt  sometimes  wabbles.  The  only  thing  to  do  with 
a  bent  shaft  is  to  take  out  the  armature  and  straighten  its 
shaft.     After  straightening  the  shaft  it  may  be  necessary  to 
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9G,  One  very  peculiar  fault  lo  which  armature'i  arc  lia- 
^e  is  known  as  a  llyliiije  pross.  This  is  due  tu  a  loost^  wire 
J)at  iinly  gives  trouljle  when   the  armature  is  in  motion. 

The  loose  wire  may  either  l)e  broken,  it  may  have  a  loose 
Sonncction,  or  it  may  have  defective  insulation  that  allows 
t  to  come  into  contact  with  other  wires  as  soon  as  the  arma- 
e  Climes  up  to  speed.  In  any  case,  tlic  fault  gives  no 
TOublc  as  long  as  the  armature  is  at  rest,  but  as  soon  as  it 
[eu*  up  to  speed,  the  centrifugal  force  throws  the  loose  wire 

but  of  place  and  causes  the  brushes  to  flash.  If  nut  located 
tnd  removed,  the  fault  will,  in  time,  bum  a  holt;  in  the  arma- 

fture  insulation. 


'  27.    Overloiuleil  Armatures — One  of  the  most  common 

lauses  of  general   trouble  and  heating  in   an  armature  is 

ircrlnad;  this   maybe   due  to  ignorance  or   neglect  or  to 

a  error  in  the  instrument  that  measures  the  load.     There 

I  a  great  tendency  on  the  part   of  owners   to   gradually 

e  the  load  on  a  machine  until  it  may  be  doing  about 

iricc  the  work  it  is  intended   to  do.     If  the  machine  is  a 

namo,  lamps  are  added  to  its  load  one  or  two  at  a  time;  in 

s  way  it  is  an  easy  matter  to  overload  a  dynamo  without 

lending  to.     If  the  machine  is  a  motor,  small  devices  m:iy 

B  put  im  it,  one  at  a  time,  until   an  overload   is  the  result. 

Jiothcr  very  common  way  of  overloading  a  machine  is  to 

ease  the  voltage   at   which  it   is   run.     Many  operators 

e  the  idea  that  as  long  as  the  current  through  the  arma- 

e  does  not  exceed   its  prujwr  valut;,  it  dues  not  matter 

t  the  voltage  is,  as  long  as  it  is  not  high  enough  to  break 

wn  the  insulation.     The  toad  on  a  machine  is  given  by  the 

^oduct  of  the  current  and  the  voltage,  hence  the  voltage  has 

L  influence  on  the  load.     If  the  voltage  on  a  machine 

I  doubled  and  the  current  is  kept  the  same,  the  load  on 

!  machine  is  doubL^d.     Therefore,  in  order  to  keep  the 
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maximum  load  the  same  on  a  machine  whose  voltage  has 
been  raised,  say  25  per  cent.,  the  maximum  allowable  cur- 
rent should  be  lowered  25  per  cent.  If  the  machine  is  rated 
at  100  volts  and  50  amperes,  and  it  is  decided  to  run  it  at 
125  volts,  the  current,  to  give  the  same  load  as  before,  should 
be  40  amperes.  Where  machines  are  running  together  in 
multiple,  one  may  be  taking  more  than  its  share  of  the  load, 
due  to  poor  equalization.  Ammeters  sometimes  get  out  of 
order,  read  incorrectly,  or  stick ;  the  needle  may  stay  in  one 
place  while  the  load  makes  a  change  of  25  per  cent.,  and  the 
machine  tender  will  be  none  the  wiser. 

28.  When  a  dynamo  is  overloaded  the  commutator 
becomes  rough,  the  brushes  burn  up  and  spark,  the  belt 
squeaks,  and  the  machine  grows  hot  all  over.  If  it  is  possible 
to  find  a  non-sparking  point  for  the  brushes  at  some  inter- 
mediate  load  and  at  no  load,  this  should  also  be  possible  at 
full  load.  If  it  is  not  possible,  the  symptoms  point  to  over- 
load and  the  ammeter  should  be  tested.  Of  course,  some 
machines  spark  badly  no  matter  whether  they  are  over- 
loaded or  not.  This  is  specially  true  of  the  older  types. 
When  a  machine  persists  in  sparking  when  the  commutator 
and  everything  else  about  it  is  in  good  condition,  the  trouble 
may  generally  be  attributed  to  poor  design.  Some  machines 
are  so  poorly  designed  that  it  is  practically  impossible  to 
keep  them  from  sparking. 


riEI.T>  COILS. 

29.  We  generally  have  two  kinds  of  flold  eolls  to  deal 
with,  namely,  shunt  and  scries^  or  both,  depending  on  the 
style  of  machine.  These  may  be  further  subdivided  into 
two  classes,  form-wound  and  shell-wound.  Fine-wire  fields 
are  usually  called  shunt  flolcls  because  they  form  a  shunt 
or  bypath  for  the  armature  current  on  a  dynamo  or  the  line 
current  on  a  motor;  they  are  of  high  resistance,  so  that 
they  will  take  but  a  small  part  of  the  current  supplied  to  or 
by  a  machine,  and  they  are  subjected  to  the  full  line  voltage, 
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E  indicated  in  Fig.  !)  {it],  where  A  is  the  armature  and /is 
^e  shunt  field.  Coarse-wire  fields  are  usually  called  series 
Melds,  because  they  are  in  series  with  the  armature,  and 
ihould  be  able  to  carry  the  current  that  flows  through  the 
irmature.  They  arc  of  low  resistance  so  that  they  may 
mnsume  as  little  as  possible  of  the  voltage  supplied  to  or  by 
;  machine,  and  as  a  result  are  subjected  to  but  a  small 


>TJOir»- 


i  0  . 


.  M.  F.,  as  indicated  in  Fig.  '.I  (/').  where  the  drop  through 
tbe  series  coils  is  supposed  to  be  2  volts.  No  matter  what 
lind  of  field  may  have  to  be  handled,  the  coils,  leads,  and 
ing  lugs  should  be  handled  with  great  care.  The 
^a^ng  surfaces  of  the  coil  should  be  brushed  off  before  the 
1  is  put  in  place,  to  avoid  having  any  chips  of  foreign 
batter  mashed  into  the  insulation  wlit-n  tlic  lield  bolts  are 
icrewed  home. 

Field  coils  should  be  installed  in  such  a  way  that  when 

ft  current  passes  through  them,  if  one  pole  piece  is  called 

rth,  the  poles  on  Ijoth  sides  of  it  will  be  south.      Coils,  as 

t  rult!,  are  marked  so  that  the  workman  may  know  exactly 
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where  they  arc  to  go  and  which  end  is  to  point  toward  the 
commutator.  It  is  usually  easy  to  tell  by  the  shape  of  the 
field  which  face  of  it  is  to  go  next  to  the  frame  of  the 
machine  and  which  next  to  the  armature.  If  the  coils  are 
not  marked  or  if  there  is  any  doubt  about  the  marks,  the 
matter  can  be  settled  as  follows:  Set  the  field  coils  on  the 
floor  and  line  them  up  on  edge,  as  shown  in  Fig.  10;  con- 
nect them  together  and  send  a  current  through  them.  Get 
them,  by  trial,  so  that  a  piece  of  soft  iron,  held  in  the  hand, 
will  pass  in  an  easy  curve,  as  shown  at  /,  from  one  coil  to  the 
other,  the  same  end  on.  Should  the  piece  of  iron  try  to  take 
the  position  shown  at  /'between  any  two  colls,  reverse  one  of 
them.      When  the  coils  are  all  turned  so  that  the  iron  takes 
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the  curvfd  p:ith  from  one  to  the  other,  put  them  in  place  on 
the  machine  in  this  same  relation,  for  then  it  is  certain 
that  they  will  alternate  in  polarity.  A  more  certain  test, 
perhaps,  is  to  put  the  field  coils  into  the  machine  as  it  is 
thought  they  should  go  (leaving  out  the  armature),  and  test 
them  with  a  compass  or  piece  of  soft  iron  the  same  as 
before.  In  using  a  compass,  care  must  be  taken  that  it 
does  not  stick,  for  then  the  lines  of  force  of  the  field  are 
liable  to  threa<l  through  it  backwards  and  reverse  its 
polarity;  if  this  takes  place  just  at  the  wrong  time,  it 
may  he  misleading.  The  reason  for  making  the  test  with- 
out the  armature  in  place  is  that  the  pole  induced  in  the 
armature  core  opposite  each  pole  piece  is  apt  to  influence 
the  action  of  the  compass. 
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\  HI.     The  effect  of  putting  a  field  coil  in  end  fur  end  on  a 

jynnmo  is  lo  decrease  the  vultage  that  it  will  generate  even 

B  ripen  circuit,  and  perhaps  render  the  machine  unable  to 

Knerate   at   all,     On  a   rantor,    the    effetft   is    to   greatly 

Rcrease  the  current  required  to  start,  to  abnormally  increase 

speed  after  it  is  started,  and  to  cause  the  brushes  lo 

rk.     If  a  motor  has  only  two  tields  and  one  of  them  is 

innected  incorrectly,  the  machine  will  either  not  start  at  all 

i  else  it  will  start  very  slowly  and  take  a  very  large  current. 

k  two-field  dynamo  cannot  generate,  under  the  same  condi- 

K  even  if  excited  from  some  other  source,  unless  one  coil 

lippens  to  be  a  little  stronger  than  the  other,  in  which  case 

lie  machine  might  generate  a  small  E.  M.  F. 

J  33i     Where  the   machine  is  compound-wound,   the   two 

Bindings  generidly  occupy  parts  of  the  same  spool.     Great 

c  should  be  taken  to  get  both  sections  properly  connected. 

a  dynamo,  if  the  shunt  field  as  a  whole  is  connected  cor- 

tctly  but  the  series  field  incorrectly,  the  machine  will  pick 

}  its  field  and  hold  it,  but  it  cannot  be  made  to  take  a  full 

Kii];  for  as  siwin  as  the  main  switch  is  closed  and  current 

i  through  the  reversed  series  coils,   their  magnetizing 

wee  partially  neutrulizes  that  of  the  shunt  coil,  reducing 

:  R.  M,  F.  of  the  dynamo  and  fixing  a  limit  above  which 

lie  load  cannot  be  made  go.     If  the  shunt  fields  are  wrongly 

mnected  and  the  series  field  are  correctly  connected,  the 

hachine  will  not  pick  up  its  field  at  all  on  open  circuit,  and 

■hcther  it  will  or  not   on   closed   circuit  depends  on   the 

isistancc  of  that  circuit.     This  resistance  must  he  very  low 

'  the  comparatively  few  turns  of  series  field  to  pick  up 

(rough  it,  and  even  if  it  did,  the  resulting  voltage  applied 

plhe  terminals  of  the  wrongly  connected  shunt  field  would 

Ifing  about  a  neutralization  of  magnetism,  and  the  E.  M.  F. 

Hlld  fall  again. 

On  ;i  motor  it  does  not  matter  so  much  whether  or 
t  the  shunt-  and  series  fields,  as  a  whole,  are  connected  to 
^sist  or  oppose  each  other,  unless  the  machine  has  been 
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heavily  over-compounded  to  run  as  a  generator,  in  which 
case,  if  it  is  desired  to  use  the  series  coils  for  maintaining 
constant  speed  under  a  variable  load,  it  will  be  necessary  to 
put  a  shunt  in  muhiple  with  them.  When  a  compound-wound 
motor  is  so  connected  that  its  series  and  shunt  coils  assist 
each  other,  it  is  said  to  be  accumulatively  connected,  and  it 
then  has  its  greatest  starting  power  for  a  given  current. 
When  the  two  fields  oppose  each  other,  the  motor  is  said  to  be 
differentially  connected,  and  if  the  strength  of  the  two  wind- 
ings is  in  the  proper  relation,  the  speed  of  the  motor  will  be 
constant  within  reasonable  variations  of  load,  if  the  voltage 
is  constant.  If,  however,  the  series  coils  are  too  strong,  the 
machine  will  run  faster  at  full  load  than  at  no  load,  taking  a 
great  deal  more  current  than  it  would  with  the  reverse  con- 
nection of  the  fields  and  perhaps  sparking  at  the  brushes. 

34.  Every  dynamo,  whether  series-shunt  or  compound- 
wound,  must  have  its  fields  connected  in  a  certain  way,  in 
relation  to  the  armature  and  the  direction  of  rotation,  or  it 
will  not  generate.  The  direction  of  rotation  of  a  motor 
depends  on  the  connection  of  its  fields  and  armature,  and  it 
can  be  reversed  by  reversing  either  of  these,  but  not  both. 
When  a  motor  runs  in  a  certain  direction,  a  certain  relation 
exists  between  the  directions  of  the  currents  in  its  armature 
and  field ;  when  either  of  these  currents  is  reversed,  it 
changes  this  relation  and  with  it  the  direction  of  rotation; 
but  when  both  are  reversed,  which  corresponds  simply  to 
changing  the  polarity  of  the  dynamo  that  runs  the  motor, 
the  relation  remains  the  same  and  so  does  the  direction  of 
rotation.  Exchanging  the  places  of  the  terminals  applied 
to  a  motor  (unless  it  is  separately  excited)  will  not  change 
its  direction  of  rotation.  For  given  armature  and  field  con- 
nections, a  shunt  machine  will  run  in  the  same  direction  as 
a  motor  that  it  does  as  a  dynamo;  a  series  machine  will  run 
in  the  opposite  direction  in  the  two  cases,  while  the  direction 
in  which  a  compound- wound  machine  will  run  as  a  motor 
depends  on  the  relative  strength  of  the  two  windings  and 
on  the  conditions  imder  which  the  motor  is  started. 
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FIKLD-COIL    TROUBLES. 

'■  35.  Fields,  like  armatures,  are  subject  to  troubles  of 
various  kinds;  they  are  liable  to  open  circuits,  short  circuits, 
ind  grounds.  An  open  circuit  can  give  rise  to  various 
,  depending  on  the  conditions  under  which  the  machine 
>eratcs  and  also  on  the  style  of  machine.  In  the  case  of  a 
s  dynamo,  an  open  circuit  in  the  field  will  render  it 
totally  incapable  of  operating  either  as  a  motor  or  a  dynamo, 
but  no  harm  can  come  to  the  machine  itself,  unless  the  fault 
i^ould  take  place  while  the  current  was  on,  in  which  case  it 
>uld  be  apt  to  burn  a  hole  in  whatever  happened  to  be 
■ound  the  break. 


I  3tt.     On  a  shunt  machine,  the  amount  of   trouble  caused 

y  the  opening  of  a  field  coil  depends  on  whether  the  machine 

B  a  motor  or  a   dynamo;  and    if  a  dynamo,  on   whether  it 

J19  alone   or   in   multiple   with   other   dynamos.     If   the 

lachine  is  an  isolated  dynamo,  a  break  in  the  field  coil  can 

>  no  further  damage  than  to  prevent  the  machine  from 

generating  and,  hence,  cut  off  the  current  from  whatever 

kmps  or  motors  may  be  operated  by  it.     If,  however,   the 

■ynamo  is  in  multiple  with  other  dynamos  on  the  same  load, 

dbc  result  of  such  a  fault  will  be  that  the  other  machines  will 

lend  a  large  rush  of  current  back  through  the  faulty  machine 

nd  cause,  practically,  a  short  circuit. 

r  37.  Series  dynamos  are  not,  as  a  rule,  run  in  multiple. 
jTa  shunt  dynamo  that  is  ordinarily  run  as  a  dynamo  is 
■sde  to  run  as  a  motoi  by  current  being  backed  through  it, 
t  will  keep  on  running  in  the  same  direction,  but  will  spark 
t  the  brushes,  owing  to  the  fact  that  the  brushes  are  in  a 
lace  suited  to  dynamo  running  and  not  to  motor  running. 
t  the  dynamo  is  compound-wound,  the  direction  that  it  will 
f  to  run  when  it  becomes  a  motor  depends  on  the  position 
[  its  brushes  and  mainly  on' the  relative  strength  of  the 
5  windings  and  shunt  windings.  Breaking  the  field  of 
dyrUimo  in  multiple  with  other  dynamos  amounts  to  Ihc 
me  thing  practically  as  breaking  the  field  on  a  shunt  motor. 
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Breaking  the  field  of  a  shunt  motor  destroys  its  counter 
E.  M.  F.,  so  that  there  is  no  opposition  to  the  line  E.  M.  F. 
and  there  is  practically  a  short  circuit  through  the  armature. 
As  the  field  magnetism  dies  down  slowly,  the  counter  E.  M.  F. 
dies  down  also,  and  the  short  circuit  does  not  take  place  so 
quickly  but  that  the  faulty  machine  may  acquire  a  very  high 
rate  of  speed  and  throw  its  belt  or  do  other  damage  before 
the  fuse  or  circuit-breaker  acts. 

38.  An  open  circuit  in  the  field  of  a  shunt  motor  in 
action,  then,  results  in  a  short  circuit,  abnormal  speed, 
throwing  off  the  belt,  and  opening  the  circuit-breaker.  On 
a  compound-wound  motor  connected  accumulatively,  the 
speed  will  not  reach  such  a  high  value,  because  the  series 
coils  hold  it  down ;  but  if  the  motor  is  differentially  connected, 
as  soon  as  the  shunt  field  breaks,  the  series  coils  opposed  to 
it  bring  the  motor  to  a  stop  and  start  it  up  in  the  opposite 
direction.  If  the  fault  should  occur  while  the  motor  is 
standing  still,  it  would  be  impossible  to  start  a  simple  shunt 
motor  with  a  safe  current.  A  compound-wound  motor  will,  if 
the  starting  current  is  large  enough,  start  up  on  the  field 
provided  by  the  series-turns;  but  it  will  start  up  in  the 
wrong  direction  if  the  series  coils  are  so  connected  as  to 
oppose  the  shunt  coils. 

39.  The  effect  of  the  reversal  of  a  single  field  coil  on  a 
machine  depends  on  how  many  field  coils  the  machine  has, 
in  other  words,  the  more  poles  a  machine  has,  the  less  will 
be  the  effect  of  an  irregularity  in  one  of  them.  If  the 
machine  has  only  two  coils  and  one  of  them  is  incorrectly 
connected,  the  machine  will  not  start  as  a  motor  and  it  will 
not  generate  as  a  dynamo.  If  there  are  four  field  coils,  it 
will  take  a  heavy  current  to  start  it  as  a  motor,  and  the 
brushes  will  spark  even  while  the  motor  is  starting.  As  a 
dynamo,  most  machines  will"  refuse  to  pick  up  their  fields 
at  all,  except  at  very  high  speeds,  and  even  if  separately 
excited,  the  voltage  at  normal  speed  will  be  below  its  proper 
value.     On  machines  of  more  than  four  field  coils,  the  same 
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byraploms  hold  gotid.  but  In  a  less  drg''*'^-  ^"^  '-^^^  charac- 
Etcrizcd  l)y  sparking  at  the  brushes  that  include  the  faulty 
pcld. 


40.     One  other  fault  producing  effects  very  much  Hfce  the 

is  loose  joints  in   the   magnetic   circuit.     Where  a 

machine  has  two  halves  fitting  together,  great  care  should 

;  taken  that  no  particles  of  foreign  matter  are  allowed  to 

1  the  joint  and  so  introduce  an  air  gap  into  the  magnetic 

it.      The   same   precaution   holds   gooil   in   regard    to 

utchincs  having  detachable  pole  pieces.      The  effect  of  a 

r  open,  joint  in   the  magnetic  circuit,  as  in  the  case 

f  a  reversed  field  coil,  is  to  weaken  the  field  of  the  machine, 

[>  that  on  a  dynamo   there  will  be  trouble  picking  up  the 

icld  at  normal  speed,  and  the  open-circuit  voltage  will  be 

^reduced  by  an  amount  dependent  on  the  seriousness  of  the 

t :   while  on  a  motor  the  starting  current  will  be  greater 

ad  the  speed  higher  than  it  should  be. 

The  effects  are  aggravated  where  the  dynamo  or  motor  is 

vunning  in  multiple  with  others.     If  a  dynamo,  it  will   be 

finable  to  meet  the  requirements  of  the  rush  hours,  because 

s  voltage  cannot  be  increased  enough  to  make  it  claim  its 

s  of  the  total  load;  it  will   require  close  hand  regulation 

T  varying  loads,  because  its  voltage  will  not  vary  at  the 

me  rate  as  that  of  its  neighbors,  although  it  may  be  the 

mc  kind  of  a  machine.  The  best  illustration  of  the  condition 

i  to  motors  in  multiple   is  found   on  an  electrically 

'opelled  car  where  the  two  or  more  motors  are  practically 

Hgidly  connected  within  certain  limits  of  load.     The  motors 

n  doing  their  hcavirst  duty  are  in  multiple,  and  the  one 

whose  path  offers  the  least  resistance  takes  the  most  current. 

The  motor  that  has  a  reversed  field  coil  or  a  loose,  or  ojicn. 

joint  in  its  steel  frame,  has  a  lowercounter  K.  M.  K.,  and 

hence  has  less  apparent   resistance;  it  will  then  be  only  a 

matter   of   time   when   this   motor   will    cause    the   car  to 

repeatedly  blow  its  main  fuse.     The  motor  will  become  hotter 

lan  its  mate,  the  brushes  will  spark,  the  commutator  will 

Slacken  and  beoome  rough,  the  armature  throw  solder,  and 
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a  final  inspection  will  probably  show  that   all  the  cotton 
insulation  on  the  field  wire  is  baked  or  charred. 

41.     Short   Circuits  in   Field. — The  action  of  a  short 
circuit  in  a  field  coil  depends  on  the  kind  of  machine,  the 

manner  in  which  the 
field  coils  are  con- 
nected, and  whether 
the  short  circuit  is  a 
good  or  bad  contact. 
Take  a  shunt  dy- 
namo, with  four 
field  coils;  if  the 
coils  are  in  series,  as 


(a) 

19  3  4 


T 


(b) 

Fig.  11. 

in  Fig.  11  (^),  so  that  the  voltage  across  each  coil  is  only  one- 
fourth  of  the  total  voltage,  a  good  short  circuit  in  a  single  coil 
will  cause  it  to  run  comparatively  cool,  while  the  remaining 
coils  will  get  unusually  warm.  A  bad  contact  is  apt  to  emit 
more  or  less  of  an  odor  of  burning  shellac  and  other  insula- 
tion. The  cutting  out  of  a  single  coil  in  four  will  reduce  the 
resistance  of  the  field  circuit  so  that  more  current  may  flow 
through  the  remaining  coils  in  an  attempt  to  make  up  the 
loss  of  magnetism  due  to  the  cutting  out  of  one  coil,  but 
this  automatic  compensation  will  not  be  so  much  but  that 
the  field  rheostat  resistance  will  have  to  be  lessened  to  keep 
up  the  dynamo  voltage. 

42.  On  the  other  hand,  if  the  shunt  coils  are  all  in  mul- 
tiple, as  shown  in  Fig.  11  (d)y  the  faulty  coil  will  be  the  one  to 
get  hot  and  the  rest  of  the  coils  will  run  at  normal  tempera- 
ture. If  the  fault  is  such  as  to  cut  out  the  coil  entirely,  the 
machine  will  loose  its  field,  because  a  shunt  machine  will  not 
support  a  field  on  short  circuit.  On  a  compound-wound 
dynamo  running  alone,  a  short  circuit  in  the  shunt  winding 
will  cause  about  the  same  symptoms,  as  far  as  the  heating 
goes,  as  in  a  shunt  machine.  If  the  shunt  coils  are  in 
multiple  and  connected  as  shown  in  Fig.  1*2  {(7)  (short  shunt 
connection),  the  dynamo  will  drop  its  field  if  one  shunt 
coil   is   dead  short-circuited;    but    if   the  shunt  coils,   as   a 
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vliolc.  are  ccinnected  as  shown  in  Fig.  12  {/<)   (/cwi,''  shunt 
MHiQcction),  su  that  the  series  cuils  are  in  scries  with  the 


belt    because   the    series 
xmditions  —  a    short 


|iaull,    the  tiyiiamo    wilt  thi  ...    ,__    . 
'ork    under   the  best    possibl 
circuit. 

43.  Mol«ture  In  Field  Colls. — Moisture  in  field  coils 
ivtil    cause   them   to   heat    and   make   the   brushes   spark. 

■.■Before  putting  such  fields  into  actual  service,  they  should  be 
(baked  out,  either  with  the  current  or  in  an  oven.  Moist 
1  coils,  as  a  rule,  steam  when  hot,  feel  moist  to  the  hand, 
md  their  insulation  to  the  frame  of  the  machine  measures 
The  most  refined  way  of  locating  a  short-circuited 
ield  is  to  measure  the  resistance  of  the  field  suspected  and 
»mpare  it  with  that  of  a  standard  field  of  the  same  kind. 
L  variation  of  over  10  per  cent,  shotikl  not  be  allowed,  and 
:  the  fields  are  in  multiple,  not  over  2  per  cent,  varia- 
\  should  be  allowed.  A  short-circuited  shunt  field  can  be 
^ted  by  short-circuiting  or  cutting  out  one  field  coil  at  a 
e  and  measuring  the  open-circuit  voltage  of  the  dynamo. 

44.  Grounded  Field  Collw. — A  grounded  field  is  a  very 
nmmon  source  of  trouble  in  some  classes  of  work,  but 
,   very    unusual  one  in  others.      Commercial  circuits  may 

divided   into  two  classes,   namely,    mftatlk-relurn   and 
mmd-Ttturn  cirtuils.    On  metallic-return  circuits,  both  the 

J.  ir.~t 
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outgoing  and  return  wires  are  insulated  from  the  earth. 
Ordinary  lighting  and  conduit  trolley  systems  are  examples 
of  metallic-return  circuits.  Ordinary  street-railway  sys- 
tems are  examples  of  a  grounded  circuit,  since  the  trolley 
wire  constitutes  one  side  and  the  ground  or  track  the  other. 
The  indications  of  a  grounded  field  depend  on  whether  the 
machine  is  on  a  metallic-return  or  a  ground-return  system, 
and  if  on  the  latter,  whether  the  machine  is  a  dynamo  or 
motor  and  what  place  the  field  occupies  in  the  circuit. 

Metallic-return  systems  are,  as  a  rule,  characterized  by 
having  very  little  trouble  from  grounds;  because,  in  the 
first  place,  since  neither  side  of  the  system  is  permanently 
grounded,  there  is  but  half  the  tendency  for  either  side 
to  ground;  and  in  the  second  place,  a  single  ground  does 
not  at  all  disturb  the  operation  of  the  devices,  because 
another  ground  is  necessary  to  complete  the  circuit.  Should 
two  grounds  develop,  one  on  each  side  of  the  circuit,  or  at 
two  places  in  a  device,  a  short  circuit  follows;  but,  as  a 
rule,  a  single  ground  can  be  detected  and  removed  before 
another  occurs  to  cause  trouble.  Lightning  is  responsible 
for  many  of  the  grounds  on  metallic-return  circuits.  Inas- 
much as  ground  troubles  are  more  common  on  ground- 
return  circuits,  we  will  devote  our  limited  space  tq  this  class 
of  work. 

45.  Fig.  13  shows  a  shunt  dynamo  at  work  on  a  grounded 
circuit,  the  ground  return  being  indicated  by  the  dotted 
line.     Suppose  a  ground  takes  place   at  a;   the  result  will 
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Fig.  18. 


be  a  dead  short  circuit  across  the  line,  under  which  condi- 
tion the  dynamo  will  drop  its  field.  A  ground  at  d  will  have 
no  effect,  as  that  side  of  the  circuit  is  already  grounded. 
A  ground  anywhere  between  a  and  (/  will  cut  out  a  part  of 
the  field  and  severely  heat  the  part  not  cut  out. 
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4fi,  Fig.  1-1  shows  a  com  pound- wound  dynamo  with  the 
l&huut  field  connected  inside  of  the  series  field.  Aground  iita 
P"will  cause  the  dynamo  to  drop  its  field  as  before;  a  ground 
fat  </ will   not  be  felt.     A  ground  at  d  will  cut  out  a  part 


rof  the  field  and  the  remaining  part  will  heat  badly;  the 
.  voltage  on  the  line  will  drop.  Fig,  15  shows  a  rom|>ound- 
I  w<mnd  dynamo  with  the  shunt  connected  across  the  termi- 
t  nalsof  the  machine  instead  ofacross  the  brushes.  This  alters 
[  the  conditions  very  much.     A  ground  at   a  establishes  a 


I  shortcircuil  through  the  series  field.  Theshunt  field  iscutout 
t  entirely  and  the  line  loses  its  power,  but,  owing  to  the  strong 
(.current  in  the  local  circuit  A-Fii-if-A,  the  dynamo  throws 
I  its  belt  unless  the  circuit -breaker  acts  quickly,  A  ground 
I  Bt  ^  will  give  the  same  indication  as  in  the  case  of  Fig.  14. 

47.     Fig.  I'i  shows  a  series  dynamo  at  work  on  a  grounded 
f  circuit,      A  ground  anywhere  on  the  field  will  cut  the  power 

[  the  line.    A  ground 

^anywhere  near  a,  un- 

s  the  dynamo  is  f.f 

Lhe  arc-light  type  with 

'   heavy  armature 

iction,    will    throw 

:    belt.      A    groimd 

re  near  twills 

J  generating. 


mply  cut  out  the  field  and  the  machine 
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Fig.  17  shows  a  series  machine  as  in  Fig.  16,  but  with  the 
field  next  to  the  ground.     A  ground  at  a  will  cause  the  dynamo 

to  stop  generating;  a 
ground  at  b  might  cause 
it  to  drop  its  voltage  and 
it  might  not,  depending 
on  the  amount  of  resist- 
ance in  the  load ;  if  this 
.^— — — — L-.  resistance   is  small,    the 


^^^'  ^•'-  dynamo  will  generate  a 

lower  voltage.     A  ground  at  d  will  not  be  felt. 

48,  Let  us  suppose  now  that  the  dynamo  in  each  of  the 
above  figures  becomes  a  motor ;  the  current,  instead  of  coming 
from  within  the  machine,  comes  to  it  from  an  outside  source. 
In  Fig.  13,  then,  a  ground  at  ^  when  the  machine  is  running 
will  cut  out  the  motor  so  that  it  can  get  no  power,  the 
circuit-breaker  will  fly  out  or  the  motor  will  throw  its  belt, 
owing  to  the  fact  that  in  virtue  of  its  momentum  it  will 
become  a  dynamo  running  on  short  circuit,  both  ends  being 
grounded,  one  permanently  and  the  other  through  the  fault. 
The  effects  for  the  other  grounds  will  be  about  the  same  as 
in  the  cast  of  the  dynamo. 

In  Fig.  14,  a  ground  at  a  will  cut  out  the  shunt  field  and 
stop  the  motor  very  suddenly,  as  the  armature  will  be 
grounded  at  both  ends,  and  the  series  coils  will  be  heavily 
charged  by  the  current  passing  through  the  fault.  The 
machine  will  really  become  a  separately  excited  dynamo  on 
short  circuit.  A  ground  at  b  will  cause  part  of  the  field  to 
heat  badly,  and  a  ground  at  d  will  have  no  effect. 

In  Fig.  15,  a  ground  at  a  will  cause  practically  the  same 
action  as  in  Fig.  14  and  for  about  the  same  reason.  In  both 
cases,  the  motor  will  probably  throw  its  belt.  A  ground  at 
b  and  d  will  cause  the  same  action  as  in  the  case  of  the 
dynamo. 

In  Fig.  10,  a  ground  almost  anywhere  on  the  field,  except 
at  a,  will  separately  excite  a  part  of  the  field  and  bring  the 
armature  to  a  sudden   stop,    owing   to  its  dynamo  action 
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:hn>iigh   the  short   circuit.      A    jjrnund   at   a  can   cause  no 
1  o(  this  kind,  because  the  tlyiiamo  has  no  shunt  field; 
jld  although  the  armature  is  permanently  grounded  on  one 
jid  and  is  grounded  through  the  whole  series  field  on  the 
^her  end,  it  cannot  generate,  because  a  series  machine  runs 
1  opposite  directions  as  dynamo  and  motor,  for  given  con- 
nections; so  that  the  direction  in  this  case  is  not  the  right 
■one.     The  motor  of  Fig,  IG  finds  its  practical  parallel  in  the 
■  street-railway  motor   as  it  is  today.     Fig.    17  is  the   same 
■thing,  only  the  fields  are  next  to  the  ground,  so  that  a  ground 
|>jn  a  field  coil  does  not  cut  out  the  armature. 

In  Fig.  17,  a  ground  at  a  cuts  out  the  field  and  the  entire 

hort-circuit  current  passes  through  the  armature,  causing 

Iriolcnt  sparking  that  burns  the  brushes  and  commutator. 

ItA  ground   at   b   cuts   out    all   the   field  below   it,  wealcen- 

■iing  the  field  and  causing  the  armature  to  take  an  excess- 

[Svc   amount   of   current.      A   ground   at   d,   as   in   former 

teases,  has  no  effect  at  all.     Placing  the  field  next   to  the 

l^ound  has  the  disadvantage  that  a  ground   may  take  place 

Bio  such  a  part  of  the  field  that  the  armature  may  be  over- 

tloaded  a  long  time  before  the  fart  is  known;  hut  It  has  the 

[mdvantage  that,  being  on  the  negative  side  of  the  armature, 

lie  difference  of  potential  between  the  positive  side  of  the 

Icld  and  the  ground  is  very  small,   so  that  there  is  not  as 

a  tendency  for  grounds  to  develop  as  in  the  first  case. 

is  a   wctl-known  fact  that  cars    equipped  with  motors 

ISO  fields  are  next  to  the  ground  give  much  less  trouble 

n  grounded  fields  than  cars  whose  fields  are  next  to  the 

rollejr. 


REASONS  FOR  A  DYWAMO  FAILINO  TO  G£NKRATE. 

40.  !Lo»s  of  lU^sIdnnl  MaKncdsin. — Among  the  many 
[causes  which  may  make  a  dynamo  fail  to  generate,  loss  of 
i.fcsidual  magnetism  is  often  one  of  the  most  troublesome. 
■  The  magnetism  that  remains  in  the  steel  or  iron  frame  after 

c  field  current  is  cut  off  is  called  rpsldtial  ninKiiPtlsni, 
ind  every  dynamo  must  have  a  certain  amount  of  this  to 
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start  on  before  it  can  build  up  its  field.  As  a  rule,  dyna- 
mos leaving  the  factory  retain  enough  residual  magnetism 
to  start  on,  but  there  are  several  ways  in  which  they  can 
lose  it;  they  sometimes  lose  it  after  having  given  no  pre- 
vious trouble  of  that  sort  in  months  or  years.  Some 
dynamos  never  lose  their  residual  magnetism,  or  chargre, 
as  it  is  called,  while  others  seem  to  have  a  weakness  for 
doing  it. 

In  many  cases  the  peculiar  action  cannot  be  explained;  in 
some  cases  it  may  be  due  to  any  of  the  following  conditions : 
(a)  Excessive  vibration;  hence,  the  dynamo  should  always 
rest  on  a  solid  foundation,  {d)  To  the  earth's  magnetism ; 
where  practicable  it  may  be  well  to  set  the  machine  so  that 
its  north  pole  is  toward  the  north ;  then  the  earth's  magnet- 
ism will  pass  through  the  machine  in  the  same  direction  as 
its  own.  The  earth's  magnetism  is  very  weak,  but  when 
assisted  by  vibration  it  may  sometimes  be  sufficient  to  counter- 
act the  residual  magnetism.  Only  two-pole  machines  can 
be  really  set  to  fill  this  condition,  as  on  multipolar  machines 
the  poles  radiate  in  all  directions,  (c)  A  dynamo  set  very 
near  another  dynamo;  in  such  a  case,  stray  lines  of  force 
from  a  loaded  dynamo  may  thread  their  way  through  the 
magnetic  circuit  of  an  idle  one  in  the  reverse  direction  and 
neutralize  its  residual  magnetism,  (d)  The  fields  acciden- 
tally given  a  slight  flow  of  current  in  the  wrong  direction; 
this  can  very  easily  occur  on  a  compound-wound  or  series 
dynamo,  as  current  from  the  outside  will  always  pass 
through  the  series  coils  in  the  opposite  direction  to  that  in 
which  the  current  from  the  machine  itself  would  pass.  In 
shunt  machines,  however,  this  is  not  so,  for  as  a  motor,  the 
field  winding  shunts  both  the  armature  and  the  line. 
(f)  The  machine  started  up  with  the  fields  or  armature  as 
a  whole  incorrectly  connected,  that  is,  reversed;  in  this  case 
the  result  will  be  to  destroy  whatever  residual  magnetism 
there  may  have  been.  (/)  The  field  circuit  broken  too 
suddenly;  when  a  field  circuit  is  suddenly  broken,  the 
residual  magnetism  is  sometimes  brought  down  to  zero  or 
even  reversed. 


so.    Where  a  dynamo  has  lust  its  charge,  the  pole  pieces 

wiL   have  little  or  no  attraction  for  a  piece  of   soft  iron. 

There  are  several  ways  in  which  the  charge  may  be  restored. 

Series  dynamos  seldom  lose  their  charge  so  entirely  that  they 

I  will  fail  to  pick  up  a  tield  on  short  circuit.     Where  a  com- 

■pound-wound  dynamo  refuses  to  pick  up  a  tield  with  its  shunt 

Bficld,  it  can  often  be  made  to  pick  up  by  disconnecting  the 

ihunt   coils   and    short-circuiting   the    machine   through   a 

htmall    fuse   that   will    prevent   damage   due    to    the   short 

•circuit.     The   same  idea  in  a  modified  form  may  be  used 

plain   shunt    dynamo    by   temporarily   connecting  all 

tthe  shunt  coils  in  multiple  instead  of  series.     This  makes 

■the  machine  a  series  dynamo  with  a  low-resistance  circuit. 

Any  machine   can  in  many  cases  be   made  to   pick  up  a 

£cld  by  simply  short-circuiting  the  armature  by  holding  a 

>|)iecc  of  copper  wire  across  the  brushes  or  by  rocking  the 

brushes  back  from   their  neutral    p'jsition.     The  effect  is 

to  make  the  magnetism  of  the  armature  help  the  field  to 

build  up. 

If  none  of  these  expedients  produce  the  desired  result,  the 

iclds  §iufit  be  recharged   from  an    outside  source.      If  the 

l^ynamo    runs  in  multiple  with   other  dynamos,  this  is   an 

isy  matter;  it  is  only  necessary  to  lift  the  brushes  or  dis- 

sonnect  one  of  the  brush-holder  cables  on  the  dead  machine 

throw   in  the   main-line  switch,    the   same   as   if   the 

piachine  were   going   into   service   with   the   others.     The 

ields  will    then   take   a   charge    from    the   line   and   their 

^larity  will  be  correct.     After  the  field  has  been  charged, 

die  brushes  or  cable  must  not  be  moved  until  the  main-line 

witch  is  open,  because  a  short  circuit  will  be  made.     If  the 

Mynamo  docs  not  run  in  multiple  with  another  and  there  is 

p.  dynamo  within  wiring  distance,  disconnect  the  shunt  field 

t  the  dead  dynamo  and  connect  it  to  the  live  circuit.     The 

live   circuit   may  be  the   trolley  wire   of   a   street-railway 

Bear   in   mind,   however,  that  this  is  a  500-volt 

:uit,  sn   that   if  it  is  to  be  used  for  chaining   l!35-voIt 

Ids   it   must   be   applied  for   only   a  couple   of  seconds. 

'here  have  been  cases  where  it  has  been  necessary  to  run  a 
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couple  of  wires  a  quarter  of  a  mile,  or  more,  to  obtain 
current  for  charging  a  field.  If  there  are  absolutely  no 
other  means  available  for  charging,  several  cells  of  ordinary 
battery  must  be  used ;  connect  the  field  coils  in  series  with 
the  cells  in  series  and  give  the  pole  pieces  of  the  dynamo 
repeated  knocks  with  a  hammer  while  the  charging  is  going 
on ;  if  this  fails,  reverse  the  terminals  of  the  battery  and 
repeat  the  operation — it  may  be  that  the  first  time  the 
battery  is  applied  its  magnetizing  force  opposes  what  little 
residue  magnetism  there  may  be  in  the  iron.  As  a  last 
resource,  when  all  other  available  sources  fail,  connect  the 
fields  so  as  to  obtain  the  least  possible  resistance,  put  them 
in  series  with  the  armature  through  a  small  fuse,  and  speed 
the  armature  considerably  above  the  normal  rate.  Very 
often  a  dynamo,  instead  of  losing  its  residual  magnetism, 
will  acquire  one  of  a  reversed  polarity,  due,  perhaps,  to  the 
same  causes  exercised  to  a  greater  degree.  Except  where 
the  dynamo  is  used  for  charging  storage  cells,  or  for  elec- 
troplating, or  for  running  arc  lamps,  or  for  running  in 
parallel  with  other  machines,  the  reversal  of  its  polarity 
can  do  no  harm.  In  case  an  arc  machine  is  reversed,  the 
concave  carbon  will  be  the  bottom  one  and  most  of  the 
light  will  be  thrown  up  instead  of  down,  where  it  is  gener- 
ally desired. 

51,     WronflT    Connection    of    Field    or    Armature. — 

Every  dynamo  requires  that  a  certain  relation  exist 
between  the  connection  of  its  field  and  armature  and  its 
direction  of  rotation,  or  it  will  refuse  to  generate.  Suppose 
a  dynamo  to  be  generating;  if  its  field  or  armature  connec- 
tion (either,  but  not  both)  be  reversed,  it  will  be  unable  to 
generate;  or  if  all  the  connections  be  left  intact  and  the 
direction  of  rotation  reversed,  the  machine  will  be  rendered 
inert.  Not  only  is  it  unable  to  generate  with  the  wrong 
connections  or  rotation,  but  a  short  run  under  this  condi- 
tion will  render  the  machine  unable  to  generate  after  the 
conditions  are  corrected,  unless  the  field  is  recharged, 
because  the  effect    is  to    destroy  its   residual    magnetism. 
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*et  (15  see  why  such  is  the  case.     It  sometimes  hapjiens  that 
Irhen  a  dynamii  is  first  started  it  has  a  small  E.  M.  F.  due 
>  the  residual  field;  but  upon  clnsinjj  the  field  circuit,  the 
.  M.  F.  falls  to  zero  and  the  machine  refuses  to  generate, 
luch  action  indicates  a  wrong  connection  of  field  or  arma- 
■i  for  the  given  direction  of  rotation  and  can  he  explained 
gus  follows:     Suppose  the  dynamo  to  be  properly  connected 
nd  to  be  generating;  this  implies  that  the  field  current  is 
J  such  a  direction  as  to  produce  a  magnetic  field  that  rein- 
1  the   residual   field.     Now,   without   disturbing   any- 
hhing  else,  let  the  field  terminals  be  reversed ;  for  the  sake  of 
felearncss,  we    will  suppose    that  there  remains   a  residual 
iclii  due  to  the  current  last  flowing.     Under  this  condition. 
Jic  lines  of  force  due  to  the  residual  field  are  in  the  same 
[direction  as  they  were  when  the  machine  was  properly  con- 
nected and  generating;  the  small  current  now  generated  in 
she  armature,  and  due  to  the  residual  field,  will  be  in  the 
tame   direction   as   it  was   then,  but  the  field   connections 
King  reversed,  the  current  flows  around  the  poles  in  such  a 
Hrection  as  to  neutralize  their  residual  magnetism.     The 
ilrealc  residual  field  is  now  opposed  by  this  new  field  and  soon 
2ie  residual  field  is  reduced  to  zero,  thus  totally  depriving 
the  machine  of  all  ability  to  pick  up.     Nor  can  a  reverse 
field,  even  if  established  by  recharging,  be  maintained;  for, 
Assuming  a  reversed  residual  magnetism  to  be  provided,  the 
pinci;  of  force  have  changed  direction,  the  armature  current 
1  likewise,  and  previous  conditions  being  reestablished. 
llic  residual  field  is  again  destroyed.     If,  then,  a  dynamo 
EbiIs  to  generate,   and  all  other  conditions    are  apparently 
jorrect,  reverse  the  field  leads  and  again  try  to  make  the 
Hynamo  generate.     If  a  loss  of  residual  magnetism  is  indi- 
Sated  by  very  weak  poles,  recharge  the  fields. 

'  SS.  Open  Circuits. — A  series  dynamo  cannot,  of  course, 
^ck  up  its  field  if  any  part  of  the  circuit  is  open,  for  there 
I  but  one  circuit.  It  cannot  pick  up  its  field  if  the  resist- 
tnce  of  its  tjutside  lo.id  is  alxive  a  certain  value  peculiar  to 
»eh  machine,  for  as  a  rule  scries  dynamos  supply  devices 


42  OPERATION  OF  §10 

that  are  also  in  series,  and  every  device  added  means  more 
resistance  for  the  machine  to  pick  up  through.  As  it  will  not 
pick  up  through  a  high  resistance,  it  is  customary  to  provide 
series  dynamos  with  a  switch,  by  means  of  which  the  line  and 
machine  are  short-circuited  at  starting,  so  that  the  load  is 
not  thrown  on  until  the  dynamo  picks  up,  after  which  the 
short-circuiting  switch  is  opened,  leaving  the  line  properly 
connected  to  its  terminals.  A  shunt,  or  compound-wound, 
dynamo  will  not  pick  up  if  the  shunt  field  circuit  is  open ; 
the  open  circuit  may  be  in  the  field  itself,  in  the  field 
rheostat,  or  in  some  of  the  wires  or  connections  involved  in 
the  circuit.  A  careful  inspection  will  generally  disclose  any 
fault  that  may  exist  in  a  wire  or  connection ;  to  find  out  if 
the  rheostat  is  at  fault,  short-circuit  it  with  a  piece  of  copper 
wire ;  if  the  dynamo  generates  with  the  rheostat  cut  out,  the 
fault  is  in  the  rheostat.  To  find  out  if  the  open  circuit  is  in 
a  field  coil,  use  a  test-lamp  circuit  or  a  magneto-bell  to  test 
the  coils  one  at  a  time.  Before  doing  so,  be  certain  that  all 
communication  is  cut  off  between  the  machine  under  test 
and  the  line,  if  there  are  other  machines  on  the  same  circuit. 
In  making  this  test,  bear  in  mind  that  if  the  dynamo  is 
compound -wound  and  connected  as  shown  in  Fig.  If5,  an 
open  circuit  in  the  series  coils  will  cut  off  the  current  from 
the  shunt  coils  also. 

Connecting  wires,  in  course  of  time,  are  liable  to  be  shaken 
loose  or  broken  by  vibration ;  they  should  be  made  of  flexible 
cable,  and  the  screws  that  hold  them  may  be  secured  against 
turning  by  means  of  a  drop  of  solder.  A  field  circuit  is  some- 
times held  open  by  a  defective  field  switch  that,  to  all  appear- 
ances, is  all  right;  repeated  burning  will  oxidize  the  tip  of 
the  blade  and  make  a  blister  on  it;  the  blister  will  not  carry 
current  and  it  will  press  the  jaws  of  the  switch  apart  so  that 
only  the  blister  touches,  and  so  opens  the  circuit.  Another 
trivial  but  common  cause  of  open  circuits  is  the  blowing 
of  fuses.  Fuses  of  the  enclosed  type  give  more  trouble  in 
locatiniT^  the  fault  than  any  other  kind,  because  it  cannot 
be  told  by  looking  at  them  whether  the  fuse  is  intact  or 
not. 
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An  open  circuit  in  the  armature  will  interfere  with  the 
"(ipcr  generation  of  the  current,  but  such  a  fault,  as  a 
pic,  announces  its  own  occurrence  in  a  very  emphatic 
tanner  and  does  not,  therefore,  require  to  lie  looked  for. 
;  very  uncommon  source  of  open  circuit,  where  copper 
fishes  are  used,  is  due  to  the  burning  of  the  brush  heels 
)  oxide.  The  dynamo  will  refuse  to  pick  up  until  the 
brushes  are  trimmed  and  cleaned,  When  an  armature 
just  from  the  factory  refuses  to  generate  where  the  one 
just  taken  out  has  Iwcn  generating,  the  trouble  is  prob- 
ity due  to  either  of  two  causes:  There  may  be  shellac  on 
commutator — in  this  case,  a  little  coarse  sandpaper 
^fll  set  things  right;  the  armature  may  be  a  right-hand 
ire  while  the  one  taken  out  was  wound  left-hand, 
■  versa.  The  expressions  right-hand  and  left-hand 
BTc  apply  to  features  of  winding  or  connecting,  and 
should  siich  a  condition  arise,  it  can  be  remedied  by  revers- 
ing the  armature  or  field  connections,  or  the  direction  of 
rotation. 

I  Before  attributing  the  failure  of  a  dynamo  to  generate  to 
,y  of  the  above  open-circuit  causes,  see  that  thi;  brushes 
e  on  the  commutator,  the  field  switch  closed,  and  the 
ealer  part  of  the  field  rheostat  cut  out. 
Always  bear  in  mind  that  the  E.  M.  F.  generated  when  a 
ichinc  is  started  up  is  very  small  because  the  residual 
ignotism  is  weak.  It  may  not  require  a  complete  open 
■cuit  in  the  field  to  prevent  the  machine  picking  up.  A 
d  contact  that  might  not  interfere  with  the  working  of  the 
machine  when  it  is  up  to  full  voltage  might  be  sufficient  to 
prevent  its  picking  up  when  started.  A  loose  shunt  wire  in 
a  binding  post  or  a  dirty  commutator  will  introduce  sufScicnt 
Bsistance  to  prevent  the  machine  from  operating.  Trouble 
|(vory  often  experienced  in  making  machines  with  carbon 
les  pick  up.  especially  if  the  brushes  or  commutator  are 
tall  greasy.  Tf  such  is  the  case,  thoroughly  clean  off  the 
mmutator,  wipe  off  the  ends  of  the  brushes  with  benzine. 
E  that  thi-y  make  a  good  contact  with  the  commutator 
irfacc.     Metal  brushes,  if  kept  in  good  order,  do  not  give 
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as  much  trouble  as  carbon  in  this  respect,  because  their  con- 
tact resistance  is  lower. 

53.  Short  Circuits. — A  short  circuit  on  the  line  will 
make  a  shunt  dynamo  drop  its  field,  but  the  dynamo 
may  throw  its  belt  before  it  does  so.  With  a  short  cir- 
cuit on  the  line,  a  shunt  dynamo  will  not,  therefore,  pick 
up  its  field.  Such  a  short  circuit  may  be  due  to  some 
fault  in  the  pilot-lamp  circuit,  or  it  may  be  due  to  a  motor 
switch  being  left  in  across  the  line  by  one  of  the  Outside 
consumers.  On  this  account,  it  is  to  the  interest  of  any 
company  supplying  power  for  motors  to  see  that  every 
motor  is  provided  with  an  automatic  cut-out,  so  that  when 
the  line  voltage  goes  below  a  certain  value  the  motor  cir- 
cuit will  open.  With  a  series  or  compound-wound  dynamo, 
a  short  circuit  on  the  line  increases  its  ability  to  generate, 
because  the  fault  is  in  series  with  the  series  coils  and  its 
large  current  passes  through  them.  A  series  dynamo,  like 
a  shunt  dynamo,  will  not  pick  up  if  the  field  is  short- 
circuited.  A  compound-wound  dynamo  will  not  pick  up 
on  op>en  circuit  if  the  shunt  field  is  short-circuited ;  it  will 
pick  up  with  an  open  circuit  in  the  main  circuit,  but  will 
not  hold  its  voltage  under  load  if  the  series  coils  are 
short-circuited.  In  some  cases  a  shunt  dynamo  will  not 
pick  up  on  full  load,  as  this  realizes  too  nearly  the  condi- 
tion of  a  short  circuit ;  so  that  to  be  on  the  safe  side,  it  is 
best  to  let  the  machine  build  up  its  field  before  closing  the 
line  switch. 

Short  circuits  within  the  dynamo  itself  generally  give  rise 
to  indications  that  point  out  the  location  and  nature  of  the 
fault.  In  any  event,  the  first  thing  to  find  out  is  whether 
the  fault  is  in  the  dynamo  or  out  on  the  line;  if  it  will 
pick  up  its  field  when  the  line  switch  is  opened,  but  fails  to 
do  so  with  it  closed,  the  trouble  is  outside  of  the  dynamo. 
It  may  be  on  the  switchboard,  where  a  workman  may 
have  left  a  tool  or  piece  of  wire  lying  across  the  bus-bars. 
The  most  common  method  used  to  get  rid  of  a  cross  on 
the  line  is  to  burn  it  out ;  this  is  done  by  centralizing  the 
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intire  dynamo  capacity  ot  the  station,  if  necessary,  on  the 
bulcy  circuit. 

Ji4.  Brushes  ami  Itnish  IIo1clt'»4. — In  order  for  any 
ircct-current  dynamo  to  generate,  its  brushes  must  be  in  a 
rtain  position  that  depends  on  the  type  and  design  of  the 
ichine.  As  a  rule,  the  design  of  the  brush  holder  gives 
clue  as  to  where  the  brushes  should  sit,  but  one  cannot  say 
n  certainty  where  the  brushes  on  a  given  dynamo  should 
unless  he  is  familiar  with  that  particular  machine,  because 
i«  position  of  the  brushes  is  governed  by  conditions  of 
rinding  and  connecting  not  apparent  to  the  eye.  If  the 
brought  straight  out  from  the  armature  to 
le  commutator  bars,  the  brushes  would  always  sit  in  line 
fith  the  center  uf  the  space  between  the  polar  horns,  because 
lis  is  the  position  of  the  neutral 
But  very  often,  for  reasons 
accessibility,  the  wires  coming 
■in  the  coils  are  given  a  Ico^l 
lat  brings  the  normal  position 
the  brushes  in  line  with  the 
inters  of  the  pole  pieces.     The 

ihes  on  a  motor  sit  the  same  '''"  '"• 

those  on  a  dynamo,  except  that  on  a  motor  they  are  given 
a  little  lead  backwards  (in  the 
opposite  direction  to  that  in 
which  the  armature  rotates), 
while  on  a  dynamo  they  are 
given  a  little  lead  forwards. 
Fig.  IS  refers  to  a  four-pole 
"  machine  with  four  brushes.    The 

proper  position  for  the  brushes  in  this  particular  case  is 
that  shown  in  the  diagram.  A  is  on  top,  H  to  the  right. 
_£'onthe  bottom,  /Jto  the  left.  If  the  rocker-arm  be  given  a 
[Uarter  turn  to  the  right  or  left,  so  that,  say,  A  takes  the  place 
%Ji,D  the  place  of  C,  C  the  place  of  D,  and  D  the  place 
t  A,  it  amounts  to  the  same  thing  as  reversing  ihe  armature 
l^blesor  terminals,  and  the  dynamo  will  refuse  to  generate. 
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Fig.  19  also  refers  to  a  four-pole  armature,  but  it  is  so 

connected  that  only  two  sets  of 
brushes  are  needed,  and  these 
two  brushes  are  shown  in   the 
.  ,  position  where  it  is  most  natural 

^- — ^  to  expect  to  find  them.   Fig.  20, 

^'^-  ^  however,  shows  where,  for  rea- 

sons of  accessibility,  symmetry,  and  safety,  the  brush  holders 
are  generally  found  in  practice. 

65.  Field  Colls  Opposed. — Failure  to  generate  may 
be  due  to  one  or  more  field  coils  being  incorrectly  put  on,  or 
connected,  so  that  they  oppose  each  other.  The  only  thing 
to  do  is  to  locate  the  faulty  coil  and  reverse  its  connec- 
tion. On  a  compound-wound  dynamo,  the  reversal  of  a 
shunt-field  coil  will  generally  keep  the  dynamo  from  picking 
up  on  open  circuit,  unless  the  dynamo  has  more  than  four 
coils ;  the  more  coils  it  has,  the  less  effect  has  the  reversal 
of  a  single  coil.  The  reversal  of  a  series  coil  is  not  felt 
until*  an  attempt  is  made  to  load  the  machine ;  the  voltage 
will  not  come  up  to  where  it  should  for  a  given  load  and 
the  brushes  are  apt  to  spark  on  account  of  the  weakening  of 
the  field. 

56.  Ijow  Speed. — No  dynamo  will  pick  up  its  field 
below  a  certain  speed,  but  with  the  field  once  established, 
the  machine  will  hold  it  at  a  much  lower  speed  than  that 
required  to  establish  it.  The  speed  at  which  a  series  dyna- 
mo will  pick  up  depends  on  the  resistance  of  the  external 
circuit. 

57.  Among  the  causes  of  failure  to  generate  not  included 
in  the  above  are  faults  in  the  iron  circuit,  loose  or  open 
joints  in  the  frame  proper  or  between  the  pole  pieces  and 
the  frame.  Such  imperfections  also  lower  the  maximum 
voltage  of  the  dynamo.  An  armature  core  undersize  or 
pole  pieces  bored  out  too  large  will  cause  the  same  trouble. 
There  is  one  peculiar  case  on  record  where  an  extra  armature 
was  shipped  from  the  factory  and  when  put  in  the  dynamo 
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fefiised  to  generate.     The  trouble  was  located  in  the  arma- 

lire   core,    which  was   found   to  be   ^j   inch  loo  small   in 

neter  and  an  inch  too  short.     The  armature  was  given  a 

iinning  test  before  it  left  the  factory,  but  it  was  run  as  a 

jbotor,  and  as  no  speed  reading  was  taken,  the  mistake  was 

1  noticed.     Occasionallyordersbccomeconfiisedin  theship- 

;  department  and  the  armature  goes  out  with  the  wrong 

ey;  if  the  pulley  is  too  large,  the  difference  in  speed  will 

Steel  the  picking  up  of  the  dynamo.     Finally,  it  is  possible 

)  send  out  a  'l3fl-volt  armature  with  aso-volt  fields,  or  a 

)-volt  armature  with  500-volt  fields;  in  such  a  case  it  is 

i]y  necessary  to  connect  the  fields  in  multiple  to  make  the 

o  generate,  if  it  should  so  happen  that  ihe  voltage  of 

c  armature  is  the  voltage  wanted.  , 
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MOTOR    F.UI^    TO    START. 

58.  When  a  motor  fails  to  start  when  the  controlling 
closed,  any  one  of  several  things  may  be  the 
liter.  There  may  be  an  open  circuit,  a  short  circuit,  a 
connection,  the  power  may  be  off  the  line,  or  the 
trouble  may  be  purely  mechanical.  If  the  failure  to  start  is 
due  to  an  open  circuit  or  to  absence  of  power  on  the  line, 
.here  will  be  no  flash  when  the  switch  is  closed  and  opened 
To  tell  if  there  is  any  power  on  the  line,  test  with 
andescenl  lamps  or  a  voltmeter.  If  the  fault  is  an  ojjcn 
cuit,  it  may  be  found  in  any  of  the  following  places: 
ifective  switch;  broken  wire  or  connection  in  the  starling 
loose  or  open  connection  in  some  of  the  wiring ;  shellac 
the  commutator;  a  piece  of  foreign  matter  under  one 
brush;  brush  stuck  in  the  holder  or  no  brush  in  it  at  all; 
brush  springs  up;  fuse  blown;  some  wire,  apparently  all 
;hl,  broken  inside  of  the  insulation ;  or  an  open  circuit  in 
[jart  of  the  motor  itself.  Any  of  these  sources  of  open 
:uit  may  be  located  with  a  magneto-bell  or  with  a  lamp 
circuit.  If  the  trouble  is  due  to  a  short  circuit,  there 
ill  be  a  flash  when  the  starting  box  is  thrown  off. 
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69.  Among  the  more  common  sources  of  short  circuit, 
are  these:  Short-circuited  armature  coils;  short-circuited 
commutator;  short-circuited  field  coils;  field  on  a  shunt 
or  compound-wound  motor  connected  so  that  the  armature 
cuts  out  the  field  winding ;  carbonized  brush  yoke ;  brushes 
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Fig.  21. 


in  the  wron^  position.  If  the  armature  coils  or  commutator 
are  short-circuited,  the  machine  may  start  and  turn  over 
part  way  and  stop  a^ain.  With  a  field  coil  short-circuited, 
the  armature  will  start  only  under  a  heavy  current,  with 
accompanying  sparking,  ^ncj  will  acquirq  ^  high  rate  of  speed. 


F^^ 


DYNAMOS  AND  MOTORS. 


4B 


I  flO.     Fig.  31  shows  ihc  correct  method  of  connecting  a 

lunl  motor  with  an  ordinary  starting  bos.     Shunt  motors 

lallj-  equipped  with  three  terminals.  /.  <  3.    Terminal  / 

ikes  one  armature  lead  and  one  end  of   the  shunt  field; 

erminal  2  the  other  end  of  the  shunt;  and  terminal  3  the 

Jier  end  of  the  armature.     By  examining  the  figure  it  will 

B  seen  that  ^  is  connected  ahead  of  the  rheostat,  so  that  as 

»on  as  the  main  switch  />'  is  jfmit- 

^rown  in,  the  shunt  field    is 

Uclled  from  the  mains.     Then 

if  hen   the   handle   of    C  is 

ived  from  the  off  position  to 

c  first  point,  the  current  ihai 

B  through  the  armature  has 

t  strong  field  to  reiict  on  anil 

^c  motor  starts  up  with  a  good 

brque.     Fig.    23    shows    the 

lotor  wrongly  connected.     In 

ease,    the    wire    running 

rora  post  -  is  connected  hc- 

treen   the   rheostat   and    the 

botar  instead  of   being    con- 

icted    between    the    main 

iritcb   and    the   rheostat;    in 

kct,  it  is  equivalent   to  con- 

kecting  posts  1  and  2  together. 

jfhe  result  is  that  the  shunt 

leld  is  connected  to  the  arma- 

[nre  terminals  and  no  current  will  fiow  through  it  until  the 

larting-box  lever  is  moved  over.     As  sixin  as  the  starting- 

tpx  lever  is  moved,  current  flows  through  the  armature,  but 

y  little  flows  through  the  field  because  the  pressure  across 

e  field  terminals  is  only  equal  to  the  drop  in  the  armature. 

e  result  is  that  the  field  is  very  weak  and  the  motor  refuses 

1  Start  until  the  starting  lever  is  moved  so  far  over  that  a 

ttrj  large  current  flows  through  the  armature.     The  box 

xcessivcly  hot,  and  if  the  fuses  or  circuit -breaker  do 

It  give  way,  there  is  danger  uf  something  being  burned  out. 

J.    Il.-i  . 
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61.  Wrong:  Motor  Connections. — Wrong  connections 
may  be  classed  under  two  heads,  internal  and  external. 
External  wrong  connections  involve  confusion  of  wires 
running  td  and  from  the  motor,  and  are  most  likely  to  occur 
where  a  reverse  switch  must  be  used  to  change  the  direction 
of  rotation  of  the  armature.  Such  errors  as  getting  an 
armature  wire  in  where  a  field  wire  should  go,  or  vice  versa ^ 
come  under  this  head.  Where  field  and  armature  leads  are  of 
the  same  kind  and  are  brought  out  through  a  closed  motor 
frame,  they  should  be  felt  out  by  hand,  for  this  is  where 
the  confusion  is  most  apt  to  take  place.  Wrong  internal 
connections,  as  far  as  the  man  that  assembles  and  sets  up 
the  motor  is  concerned,  are  confined  to  the  field  coils.  If  a 
motor  has  only  two  field  coils  and  one  of  them  is  connected 
incorrectly,  the  motor  will  not  start  at  all  unless  the  starting 
current  is  so  enormous  that  the  armature  itself  magnetizes 
the  field.  If  the  motor  has  four  coils  and  only  one  of  them 
is  incorrectly  connected,  the  machine  will  start  up  under 
excessive  current,  but  will  spark  badly  and  acquire  a  high 
rate  of  speed.  Compound- wound  motors  with  the  series 
coils  connected  in  to  assist  the  shunt  coils  will  not  give  the 
speed  regulation  that  some  classes  of  work  require. 

62.  Mechanical  Troubles. — Among  the  purely  mechan- 
ical troubles  that  may  interfere  with  the  starting  of  a  motor, 
the  following  may  be  mentioned:  Too  much  load ;  loose  pole 
piece  down  on  the  core^  or  bearings  worn  until  core  is  let  down 
on  the  pole  pieces  ;  sprung  armature  shaft  with  the  same  result; 
hot  box;  tight  belt ;  want  of  end  play  in  the  armature  ;  some 
piece  of  foreign  matter  between  the  core  and  the  pole  piece ^  or 
between  the  pinion  and  the  gear  ^  if  the  motor  is  geared  to  its  work. 
In  many  cases,  a  motor  can  operate  many  more  machines 
than  it  can  start ;  it  should  be  a  rigidly  enforced  rule  that  all 
machine  tools  operated  by  the  motor  should  have  their 
shifters  thrown  over  when  the  day's  work  is  done.  There  is 
no  excuse  for  an  armature  being  let  down  on  the  pole  pieces 
through  wear  in  the  bearings ;  they  should  be  closely  watched 
and  close  track  kept  of  the   time  of  last   renewal.     A  loose 


Kile  piece  not  only  restrains  the  armature  mechanically,  but 
I  it  weakens  the  motor  tietd  and  lessens  the  starting  power. 
I A  sprung  armature  shaft  is  liable  to  occur  at  any  time,  and 
f  may  be  due  to  a  suddenly  imposed  overload,  a  sudden 
reversal,  or  a  hot  box.  A  bent  shaft  is  visible  to  the  eye 
and  causes  the  machine  to  make  a  noise.  It  should  be  taken 
out  at  once.  Want  of  end  play  may  be  the  fault  of  the 
f  maker  or  of  the  operator;  on  every  shaft  there  are  two 
I'shoulders  that  take  the  thrust  of  the  hearings  and  limit  the 
I  end  play.  Sometimes  an  armature  will  turn  freely  when 
[cold,  but  when  it  becomes  hot  and  expands  it  will  bind  on 
I  the  collars.  The  end  play  must  be  limited  or  there  will  be 
I  knockin^r,  sn  that  if  in  renewing  a  set  of  bearings  longer 
POnes  are  put  in  than  were  taken  out,  the  end-play  problem 
lis  liable  to  arise.  Bearings  should  always  be  turned  to 
I  gauge.  Belts  should  be  long  enough  to  allow  of  sag  in  the 
I  slack  side,  which  should  run  on  top.  This  improves  the 
larea  of  pulley  contact  and  lessens  the  tension  required  to 
r  prevent  slipping. 


SPARKING. 
03.  S|>arkliifir  at  the  brushes  may  be  due  to  any  of  the 
h  following  causes  :  Toe  much  load;  hritskts  im[iropfrly  set ; 
\eommutator  rough  or  ((centric  ;  brushes  making pui^r contact ; 
'dirty  brushes  or  ctminulator ;  loo  high  speed  ;  sprung  artna- 
^  tare  shaft;  low  bearings  ;  worn  commutator  ;  short-circuited 
mvr  reversed  armature  coil  /  high-resistance  brush  ;  z'ibratioii ; 
wtbeil  shpping ;  open-circuited ar mature  ;  weak  field  ;  grounds. 


(14.  Tou  MiiL-ti  IamA. — In  this  case  the  armature  heats 
all  over.  The  sparking  may  be  lessened  but  not  stojipcd 
by  shifting  the  brushes  ahead  on  a  dynamo  and  back  on  a 
motor.  If  the  machine  is  a  motor,  the  speed  will  be  low  ;  if 
a  dynamo,  the  voltage  will  be  below  the  normal  amount. 
In  both  cases  the  pulley  is  apt  to  get  warm  through  slipping 
of  the  belt- 
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66.  Brushes  Improperly  Set. — Brushes  may  be  out  of 
their  proper  position  in  either  of  two  ways:  they  may  be 
the  right  distance  apart  but  too  far  one  way  or  the  other  as 
a  whole ;  this  can,  of  course,  be  remedied  by  shifting  the 
rocker-arm  back  and  forth  until  the  neutral  point  is  found. 
The  brushes  may,  as  a  whole,  be  central  on  the  commutator, 

•but  too  far  apart  or  too  close  together.  Such  a  fault  must 
be  remedied  by  adjusting  the  individual  holders.  On  two- 
pole  machines  the  two  sets  of  brushes  are  placed  diametri- 
cally opposite  each  other.  On  four-pole  machines  having 
two  sets  of  brushes,  the  distance  between  the  centers  of  the 
two  sets  should  be  just  one-fourth  of  the  circumference  of 
the  commutator.  On  four-pole  machines  having  four  brushes, 
they  should  set  on  the  quarter ;  the  best  and  quickest  way 
to  get  this  set  in  position  is  to  place  two  sets  at  diametrically 
opposite  points,  the  two  remaining  sets  then  go  half  way 
between  them.  In  any  case,  for  all  commutator  machines 
that  are  not  special,  the  distance  between  the  centers  of 
adjacent  sets  of  brushes  should  be  the  total  number  of  com- 
mutator bars  divided  by  the  number  of  poles. 

60.  Coininiitator  Koiif^h  or  Eccentric.  —  A  com- 
mutator will  become  rough  either  as  a  result  of  abuse  or  as 
a  result  of  bad  selection  of  the  copper  and  mica  of  which  it 
is  made.  If  the  mica  is  too  thick  or  too  hard,  it  will  not 
wear  as  fast  as  the  copper  and  will  stand  out  in  ridges.  If 
too  soft,  it  will  eat  out  and  make  a  furrow  between  bars  that 
will  catch  carbon  or  copper  dust  and  create  local  short  circuits. 
An  eccentric  commutator  acts  like  a  bent  shaft  and  may  be 
the  result  of  faulty  workmanship  or  the  result  of  a  hard 
blow.  In  either  case  it  must  be  turned  true,  but  before 
doing  it  be  certain  that  the  commutator  is  at  fault  and  not 
the  shaft. 

67.  IIif<h  or  Ijo\v  Bar. — A  high  or  low  commutator  bar 
causes  a  clicking  sound  to  be  emitted  whenever  it  passes 
under  the  brush.  A  high  bar  can  often  be  removed  with  a 
file,  but  a  low  bar  requires  that  the  whole  commutator  be 
turned  off. 
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08.  Brushes  MnkhiK'  Poor  Contact. — Poor  brush  con- 
tact may  be  due  to  any  one  of  several  causes.  The  brush  may 
be  stuck  in  the  holder ;  the  temper  may  be  out  of  the  tension 
spring;  the  brush  hammer  may  rest  on  the  side  of  the  holder 
and  not  on  the  brush;  the  brush  may  not  fit  the  surface  of 
the  commutator;  the  holder  may  have  shifted  to  the  wrung 
angle.  New  brushes  should  be  sandpapered  to  lit  the  com- 
mutator; the  hammer  should  rest  over  the  slot  that  guides 
the  brush,  so  that  when  the  brush  wears  it  will  follow  it 
down.  Tension  springs  should  be  paralleled  by  a  conductor 
attached  to  the  brush,  so  that  the  current  will  not  fluw 
through  the  springs  and  take  the  temper  out  of  them. 

G9.  Dirty  Brushes  or  Commutator. — Carbon  brushes 
arc  liable  to  give  out  paraffin  when  hot,  which,  getting  on 
the  commutator,  insulates  it  in  spots.  The  paraffin  is  also 
liable  to  mix  with  carbon  dust  and  coat  the  brush  with  a 
non-conducting,  sticky  substance.  A  copper  brush  is  apt 
to  get  clogged  with  oil.  dust,  and  threads  of  waste  (waste 
should  never  be  used  on  a  commutator).  Brushes  should  be 
kept  trimmed  and  cleaned.  Dirty  commutators,  as  a  rule, 
are  the  result  of  using  too  soft  a  brush. 

■JO.  Too  lllt(h  a  Speed. — A  machine  is  apt  to  spark  if  its 
I  speed  is  too  high,  because  it  interferes  with  the  commutation. 

71,     iSpruuK  ArinHturc    Shaft. —A    sprung  armature 

I  shaft  causes  the  commutator  to  wabble,  giving  very  much 

the  same  symptoms  as  an  eccentric  commutator,  and  great 

care  must   be  taken   not  to  confuse  a  sprung  shaft  with  an 

eccentric  commutator. 

73,  Low  Beai'tiiRs. — On  some  types  of  machine,  excess- 
I  ivc  wear  in  the  bearings  throws  the  armature  far  enough  out 
L  of  center  to  distort  the  field  and  cause  sparking.  Modern 
I  machines  intended  to  stand  Huetuating  loads  are  so  designed 
[  that  there  is  no  danger  on  this  account. 

73.  Worn  Cotnimita tor.— When  a  commutator  wears 
'  down    below    a    certain    point,    even    if   otherwise    in    good 
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condition,  it  seems  inclined  to  spark  in  spite  of  everything 
that  can  be  done.  It  may  be  because  the  brushes  then  span 
more  bars,  because  the  bars  become  thinner  as  they  wear  away, 
or  it  may  be  because  an  error  in  the  angle  of  the  holder 
increases  with  the  distance  from  the  commutator.  The  effect 
is  most  noticeable  on  some  street-railway  motors  where  it  is 
almost  impossible  to  run  together  two  motors  whose  com- 
mutators differ  greatly  in  size.  The  brush  holder  should  be 
kept  as  near  the  commutator  as  possible,  as  it  not  only 
enables  the  bars  to  be  counted  off  more  accurately,  but  it 
holds  the  brushes  at  a  short  leverage  and  prevents  chattering. 

74.  Sliort-Circuited    or    Reversed    Armature    Coll. 

Either  of  these  faults  will  cause  a  local  current  to  flow,  with 
the  result  that  either  a  dynamo  or  a  motor  will  require  an 
unusual  amount  of  power  to  run  it  even  when  unloaded. 
The  reversed  coil  can  be  located  by  sending  current  through 
the  coils  one  at  a  time  and  holding  a  compass  over  them.  A 
short-circuited  coil  can  be  detected  by  holding  a  piece  of  iron 
up  to  the  head  of  the  armature  while  it  is  running;  there 
will  be  a  decided  pulsation  of  the  iron  once  each  revolution. 
Also,  a  motor  will  run  with  a  jerky  motion  especially  notice- 
able at  low  speeds,  and  the  voltmeter  connected  to  a  dynamo 
will  fluctuate.  Such  a  fault  may  be  due  to  a  cross  in  the 
coil  itself  or  contact  between  two  commutator  bars.  In 
either  case,  unless  the  cross  is  removed,  the  coil  will  burn  out. 

75.  Ilijarh-Reslstauee  Brush. — Up  to  a  certain  point, 
high  resistance  in  a  carbon  brush  is  a  good  feature,  and  that 
is  why  they  are  used.  But  it  is  possible  to  get  the  resist- 
ance so  high  that  the  brush  will  spark  on  account  of  its 
inability  to  carry  the  current  at  the  contact  surface.  Such 
a  brush  will  get  very  hot  and  will  be  slowly  chewed  off  at 
the  wearing  end. 

76.  Vibration. — A  shaky  foundation  will  cause  the 
whole  machine  to  vibrate  and  will  cause  it  to  spark  steadily, 
which  fault  can  be  remedied  only  by  placing  the  machine 
upon  a  firmer  foundation. 
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77.     Belt  Slipping. — A  slipping    belt    will   cause   inter- 
nittcnt  sparking  because  it  subjects  the  machine  to  unusual 
It  ions  in  speed. 

i,     Oi>eii -Circuited  Armature. — By  an  open-circuited 
lature  is  meant  a  break  in  one  of  the  armature  wires  or 
connections.     Excessive  current  may  burn  off  one  of  the 
■wires  or  a   bruise  of  some  kind  may  nick  a  wire  so  that 
the  normal  load  or  less  burns  it  off.     A  commutator  may 
become  loose  and  break  off  one  or  more  leads.     In  any  case 
there  are  two  very   characteristic  symptoms   of  an   opcn- 
"cuitcd  armature:  a  ball  of  fire  runs  around  the  commuta- 
ir  and  the  mica  is  eaten  from  between  the  bars  to  which 
;he  faulty  coil   is  connected,   the  bars  themselves  become 
pitted,    and   burned   on   the   edges:     Sometimes,    on 
rcount  of  abuse,  the  armature  throws  solder  and  all  the 
commutator  connections  become  impaired.     In  such  a  case 
there  are  no  actual  open  circuits,  but  there  are  a  series  of 
po<ir  contacts  that  result  in  making  the  commutator  rough 
and  black,  pitting  the  bars  and  eating  the  mica. 

79.  Weak  Field. — A  weak  field  may  be  due  to  a  loose 
joint  in  the  iron  circuit,  to  a  metallic  short  circuit  in  the 
field  coils,  to  opposition  of  the  field  coils,  or  to  the  fact  that 
heat  has  carbonized  the  insulation  on  the  field  coils  so  that 
the  current  short-circuits  through  it.     Any  of  these  influ- 

snccs  decrease  the  number  of  lines  of  force  that  cross  the 
■mature,  with  the  result  that  the  starting  power  of  the  motor 
decreased,  and  the  speed  and  current  are  increased.     On  a 

lynamo,  the  E,  M.  F.  and  the  ability  to  pick  up  are  decreased, 

80.  GrouiMl«. — On  a  metallic-return  circuit,  a  single 
p'ound  has  no  effect,  but  two  grounds  can  so  take  place  that 
he  whole  or  any  part  of  the  field  or  armature  may  be  cut 

but;  such  a  pair  of  grounds  is  nothing  more  nor  less  than  a 

ibort  circuit  and  it  falls  under  that  head.     On  a  ground- 

^tum  circuit,  a  ground  anywhere  except  in  the  armature 

I  rule,  but  one  indication:  there  is  a  flash  and  the 

mature  burns  out. 
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atjTerxating-current  machinery. 


ALTERNATORS. 

81.  The  points  given  in  regard  to  installing  and  hand- 
ling the  parts  of  direct-current  machines  hold  good  in  regard 
to  alternators.  On  account  of  the  higher  voltages  used  and 
the  peculiar  nature  of  the  alternating  current,  abrasion  of 
insulation  through  careless  handling  is  apt  to  cause  more 
serious  trouble  than  on  the  lower  voltage  direct-current 
devices. 

Alternating-current  dynamos  may  be  self-exciting  or 
separately  excited.  As  a  rule,  on  account  of  the  flexibility 
of  control  they  are  separately  excited  from  a  direct-current 
machine  either  coupled  to  the  shaft  of  the  alternator  itself 
or  run  from  an  independent  agent.  In  some  cases  the  sepa- 
rate excitation  is  assisted  by  a  current  from  the  machine 
itself,  this  current  being  rectified  by  means  of  a  commutator 
fixed  on  the  shaft.  The  main  and  important  advantage  of 
separate  excitation  is  that  attendants  are  not  called  on  to 
handle  devices  carrying  the  high  voltage  of  the  alternator 
in  their  ordinary  duties  of  regulation. 

Fluctuations  of  the  voltage  may  be  caused  by  slipping  of 
the  belt  of  the  alternator  or  that  of  the  exciter.  This  is 
one  point  in  favor  of  directly  connected  machines  with  the 
exciter  on  the  same  shaft.  All  chance  of  fluctuation  due  to 
belt  slipping  on  the  exciter  is  then  eliminated.  As  with  any 
other  separately  excited  machines,  the  direction  of  rotation 
of  an  alternator  is  immaterial  as  far  as  generation  is  con- 
cerned, but  due  regard  must  be  had  for  the  brushes  on  the 
rings  and  commutator  if  the  machine  has  a  rectifier. 

Where  there  are  two  or  more  alternators  to  be  run  in  mul- 
tiple that  are  not  excited  from  dynamos  coupled  to  their  own 
shafts,  it  is  a  good  idea  to  excite  them  all  from  the  same 
dynamo.  The  exciting  plant  should  consist  of  at  least  two 
like  units  so  wired  that  either  can  be  used,  which  should  be 
used  alternately  to  insure  that  both  are  kept  dried  out  and 
in  good  working  order.     Each  alternator  field  can  then  be 
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^controlled  by  means  nf  a  resistance  box  in  series  with  it. 
riVlternator  armatures  are  constructed  alun^  such  simple  and 
Bsubstantial  lines  that  they  give  few  of  the  petty  troubles 
■incidental  to  direct -current   practice.      Most  of  the  trouble 

lie*  in  the  exciter  and  its  circuit,  so  that  the  service  of   the 

■alternator  as  a  whole  is  influenced  by  all  the  troubles  likely 
Jto  arise  in  any  direct-current  circuit.     If  the  e.\citer  is  out  of 

lorder,  so  is  the  alternator;  if  the  exciter  breaks  down,  so 
■diH's  the  alternator,  unless  provision  is  made  for  quickly 
lithrowing  in  a  second  exciter.  If  the  exciter  belt  slips  or  its 
vbroshcs  spark  or  either  the  iron  or  copper  part  of   the   field 

circuit  is  impaired,  the  voltage  of  the  alternator  goes  down. 

Where  the  machine  is  alone  on  a  circuit,  it   is  started  in 

Vthe  same  way  as  any  other  isolated  dynamo;  it  is  brought 

Up  to  speed,  the  field  excited  by  closing  the  field  circuit, 
Band  the  voltage  regulated  with  the  field  rheostat.  To  shut 
■down,  the  same  operations  are  gone  through  in  the  reverse 
■order.  Alternating-current  machines  have  a  great  deal  of 
lelf -induction;  some  of  them  have  so  much  that  even  on  a 
■short  circuit  the  current  is  not  large  enough  to  burn  them 
Bout.  On  account  of  this  great  self-induction,  a  dynamo 
■should  not  be  unnecessarily  subjected  to  violent  variations 
lin  load.     For  example,   if   the  circuit  of    an  alternator  is 

jkuddenly  opened  under  full  load,  the  high  induced  E.  M,  F. 
i  liable  to  puncture  the  insulation  and  cause  a  breakdown. 

Alternators  In  Parallel. — When  alternators  are 
Eopcrated  in  parallel  with  one  another,  they  must  all  run  at 
fsuch  speeds  that  their  currents  will  be  in  step  with  one 
lother;  that  is,  the  several  currents  must  vary  in  unison 
with  one  another,  all  the  currents  coming  to  their  maximum 
Rallies  at  the  same  instant.  When  this  condition  exists,  the 
machines  are  said  to  be  in  sj'nc/iromsM ;  and  before  one 
ilternstor  is  thrown  in  parallel  with  another,  the  attendant 
:  make  sure  that  the  machine  to  be  thrown  in  is  in 
nchronism  with  those  already  in  operation.  This  is 
isttally  indicated  by  synchronizing  lamps  or  by  a  synchro- 
nizing voltmeter.  Some  synchronizing  lamps  are  connected  so 


68  OPERATION  OF  §  10 

that  they  go  out  when  the  machines  are  in  step,  while  others 
are  connected  so  that  they  light  up.  The  attendant  should 
always  be  sure  as  to  just  which  way  they  are  connected 
before  he  attempts  to  throw  the  machines  in  parallel.  After 
the  alternators  are  running  together  smoothly,  their  loads 
are  adjusted  by  varying  the  field  excitation. 


AliTERNATING-CURRENT    MOTORS. 

83.  Altematlngr-current  motors  call  for  the  same 
general  care  as  dynamos.  Like  all  other  dynamo  machinery, 
they  must  be  kept  clean.  Alternating-current  machinery  is 
generally  operated  at  high  pressure,  and  cleanliness  is,  there- 
fore, absolutely  necessary.  In  stations,  it  will  pay  to  pipe 
compressed  air  to  the  machines  and  use  a  strong  blast  for 
blowing  the  dust  and  dirt  out  of  the  windings.  Most  of  the 
motors  in  common  use  are  of  the  synchronous,  or  induction, 
type. 

84.  Synclironoiis  Motors. — These  are  the  same  in  gen- 
eral construction  as  alternators.  They  are  not  intended  to 
start  up  under  load,  but  will  run  up  to  speed  when  con- 
nected to  the  line.  In  doing  so  they  take  a  fairly  large 
current,  and  in  some  cases,  therefore,  arc  brought  up  to 
synchronism  by  some  outside  source  of  power — as,  for 
example,  a  small  induction  motor — before  being  connected 
to  the  line.  Synchronous  motors  are  separately  excited  and, 
in  fact,  are  almost  the  same  throughout  as  a  separately 
excited  alternator. 

85.  Induction  Motors. — These  motors  are  used  for 
most  work  where  the  motor  must  frequently  be  started  or 
stopped  or  where  a  good  starting  effort  is  required.  In  fact 
they  are  used  for  about  the  same  kind  of  work  as  ordinary 
direct-current  motors.  There  is  nothing  about  them  that 
requires  any  special  care,  that  has  not  already  been  men- 
tioned, after  they  are  once  installed.  As  a  matter  of  fact, 
as  they  are  inherently  self-starting  and  have  no  commutator 
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I  give   trouble,   they   require   fewer   precaiilions   and   less 

judgment  on  the  part  of  the  operator  than  direct-current 

machines.     At  starting  there  is  a  tendency  to  permit  an 

excessive  flow  of  current;  this  not  only  strains  the  machine 

lectrically,  but  on  account  of  the  great  armature  reaction, 

irhtch  weakens  the  field,  the  starting  power  is  also  decreased. 

ffhe  starting   current   is,   therefore,   limited   by    means  of 

distance.      This   resistance   takes  either   the   form   of    a 

Itationary  rheostat  placed  in   the  circuit  of  the  armature 

iirough  collector  rings,  or  it  is  in  the  form  of  a  resistance 

laced  within  the  body  of  the  armature  and  operated  either 

fey  mean*of  a  lever  operating  a  switch  concentric  with  the 

haft  or  automatically  by  centrifugal  force. 

The   direction    of    rotation   of    a    two-phase   motor   can 

B  reversed  by  reversing  the  leads  of  either  phase;  that  of 

I  three-phase  motor  by  reversing  any  one  of  the  phases, 

Ihereby  reversing  the  magnetic  rotation  of  the  field. 

I  86.     Many  of  the  smaller  sizes  of  induction  motors  are 

larted  by  simply  throwing  in  the   main  switch,   but  with 

he  larger  sizes,  this  gives   too   great  a  rush  of  current, 

a    starting    resistance  is  used,  it  should   be  cut  out 

"ather  slowly  in   order   to  give  the  machine  time  to   gain 

speed.     On  the  other  hand,  the   starting  resistance  should 

not  be  left  in  too  long,  or  there  will  be  danger  of  overheating 

ibe  motor.     Never  use  a  starting  resistance  for  the  purpose 

regulating  the  speed.     This  applies  to  all  motors,  direct 

r  alternating.     Starting  resistances  are  designed  to  carry 

lUrrent  for  a  short  time  only,  and  if  current  is  allowed  to 

low  through  thtm  continuously  they  will  be  burned  out, 

f  87.  Another  method  of  starting  induction  motors  that 
i  used  considerably  is  by  means  of  what  is  called  a  startliif; 
jprnponsator.  This  is  a  device  inserted  between  the 
lOtor  field  and  the  line,  and  serves  to  cut  down  the  voltage 
■plied  to  the  motor  at  starting,  thus  preventing  a  rush  of 
grrent. 

I  Fig.  23  shows    the   connections  for  one  of   these  starting 
Ipntpensators.      A   is  a  duuhk-throw   switch,  JJ,  B,  B  the 
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line  wires,  and  C  the  motor.  In  this  figure  the  arrange- 
ment is  shown  for  a  three-phase  motor.  is\  E^  E  are  the 
coils  wound  on  a  laminated  iron  core  similar  to  a  trans- 
former core.  For  a  two-phase  starter  only  two  coils  are 
necessary.  These  coils  are  provided  with  a  number  of  taps, 
so  that  the  compensator  may  be  adjusted  for  different  start- 
ing requirements.  The  switch  is  shown  in  the  starting 
position,  and  by  following  out  the  connections  it  will  be  seen 
that  one  section  of  the  coils  is  in  series  between  the  line  and 
the  motor  field.  One  circuit,  for  instance,  may  be  traced  from 
///  to  s  through  m-n-o-p-r-s^  when  the  switches  are  in  the 
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Fig.  23. 


starting  position.  The  E.  M.  F.  developed  in  that  portion 
of  the  coil  between  /  and  the  adjustable  contact  o  opposes, 
and  hence  decreases,  the  line  voltage  and  allows  the  motor 
to  start  up  gradually.  After  the  motor  is  under  headway,  the 
switch  is  thrown  up  to  the  running  position  and  one  circuit 
may  be  traced  through  in-n-r-s.  This  cuts  out  the  coils 
and  connects  the  motor  directly  to  the  line.  The  operation  . 
of  starting  usually  requires  about  15  seconds  for  motors  of 
moderate  sizes.  Always  be  sure  that  the  startini^  device, 
no  matter  what  kind  it  may  be,  is  in  circuit  with  the  motor 
before  throwing  the  main  switch. 
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mrTAHV    TRANSFORMKIW. 

'  88.  Rotnry  tmnsfofmors,  or  converters, are  used  either 
)  change  allcrnaling  current  to  direct  .current  or  direct 
:nt  to  alternating.  In  most  cases  they  are  used  to 
laage  alternating  current  to  direct  current,  and  when  used 
I  change  fmm  direct  to  alternating,  they  are  often  called 
hvertofl  ru(arlu». 

F  Rotary  transformers  combine  the  features  of  both  direct- 
Wrent  machines  and  alternators,  but  on  account  of  their 
Kuliar  nature  a  number  of  special  points  come  up  in  con- 
kection  with  them  that  are  not  to  be  found  with  ordinary 
Irect-current  or  alternating-current  machines.  The  con- 
truction  of  the  machine  itself  is  very  similar  to  that  of  a 
Hrecl-current  dynamo.  The  armature  is  provided  with  a 
inding  in  the  same  manner  as  the  armature  for  a  direct- 
Vrrent  machine  and  this  winding  is  connected  to  a  commu- 
tator. The  winding  is  also  connected  to  collector  rings, 
■rbich  serve  to  deliver  alternating  current  to  the  machine. 
Wot  example,  when  the  rotary  is  used  for  changing  alter- 
laiing  current  to  direct  current,  the  alternating  current  is 
into  the  armature  winding  by  means  of  the  collecting 
ingsand  is  commuted,  or  changed,  to  a  direct  current,  which 
1  delivered  to  the  lines  attached  to  the  brushes  on  the 
Jdirect-current  side.  If  direct  current  is  supplied  at  the 
IDmmutator,  it  flows  through  the  windings  and  is  changed 
Dan  alternating  current, which  is  delivered  from  the  collector 
Rotary  transformers  when  taking  current  from 
hemaling-current  lines  run  as  synchronous  motors,  i.  e.. 
ley  run  in  step  with  the  generator  that  drives  them  and 
icir  speed  cannot  change  unless  the  speed  of  the  generator 
They  may  be  run  in  parallel  on  either  the  direct- 
inrrent  or  alternating-current  sides. 

Starting     Kotnry    Twins  formers. — There    are   a 

mber  of  different  methods  used  for  starting  rotary  Irans- 

iners,  and  the  one  adopted  will  depend  very  largely  on 

conditions   under   which   the   machine   is   used.      The 

iUowing  arc  sonic  of  the  methods  conmionly  used: 
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{a)  Starting  from  the  Alternating-Current  Side, — When 
the  machine  is  to  be  started  from  the  alternating-current 
side,  the  fields  are  left  unexcited  and  the  armature  is  thrown 
into  connection  with  the  line  through  a  starting  resistance. 
The  machine  then  starts  and  runs  up  to  synchronism,  but 
in  so  doing  takes  quite  a  large  current  from  the  line.  The 
machine  starts  as  an  induction  motor  by  virtue  of  the  cur- 
rents induced  in  the  pole  faces  by  the  currents  in  the  arma- 
ture. After  the  rotary  has  come  up  to  speed,  the  field 
switch  is  closed.  Another  method  is  to  have  a  small  induc- 
tion motor  connected  to  the  shaft  of  the  main  machine. 
This  motor  is  started  from  the  line  and  runs  the  large 
machine  up  to  synchronism.  The  large  machine  is  then 
thrown  in,  and  it  can  thus  be  started  without  using  an 
excessive  line  current.  As  soon  as  the  rotary  is  running,  it 
excites  its  own  fields  from  the  direct-current  side. 

{b)  Starting  from  the  Direct-Curreftt  Side. — When  a 
rotary  is  already  in  operation  in  a  station  and  it  is  desired 
to  start  up  another,  the  simplest  way  is  to  start  up  the 
rotary  as  a  shunt-wound  direct-current  motor  by  first  see- 
ing that  its  fields  are  separately  excited  and  then  inserting 
a  resistance  in  the  armature  circuit  and  gradually  cutting  it 
out  as  the  machine  comes  up  to  speed,  like  any  other  direct- 
current  motor.  In  many  stations  where  storage  batteries 
are  used,  the  rotaries  are  started  by  using  direct  current 
from  the  batteries,  because  they  furnish  a  source  of  direct 
current  that  is  always  available  whether  other  rotaries  are 
running  or  not.  Another  very  good  method  for  supplying 
direct  current  for  starting  or  exciting  purposes  is  to  equip 
a  station  with  a  small  direct-current  dynamo  directly 
connected  to  an  induction  motor.  When  starting  a  rotary 
as  a  direct-current  shunt-wound  motor,  always  be  sure 
that  the  field  is  excited  before  connecting  the  armature,  also 
see  that  under  no  circumstances  is  the  field  circuit  broken 
while  the  machine  is  running  as  a  direct-current  motor.  If 
the  above  happens,  the  machine  will  race,  and  cases  are  on 
record  where  rotary  converters  have  been  almost  completely 
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wrecked  from  this  cause.     Of  course,  where  the  machine  is 

f  run  from  the  alternating -current  end,  it  runs  in  synchronism 

rand  the  breaking  of  the  field  circuit  will  not  result  in  racing. 

lOit  the  whole,  however,  starting  with  direct  current  is  the 

referable  mtthod. 

(f)  Starting  from  the  Alternator. — This  method  of  start- 
Jig  rotarics  can  only  be  used  in  comparatively  few  cases. 
lit  consists  in  connecting  the  rotary  to  the  line  and  then 
Htarting  the  alternator  in  the  distant  station  from  which  the 
■rotary  is  operated.  As  the  alternator  comes  up  to  speed. 
I  so  does  the  rotary.  This  is  a  good  method  where  it  can  Iik 
I  used,  and  especially  where  the  rotaries  are  of  large  size. 

{(/)  Another  common  method  of  starting  is  to  have  a 
Lcmall  induction  motor  attached  to  an  extension  of  the  shaft 
Kof  the  rotary.  This  motor  will  start  up  readily  when  sup- 
Bplied  with  alternating  current,  and  after  it  has  brought  the 
fyotary  up  to  speed  it  is  cut  out. 

90.     Hunting    or     It«»tttry     Converters.  —  Sometimes 
Krutary  converters  give  a  great  deal  of  trouble  due  to  what 
■  is  known  as  hunting.     The   converter  does  not   run   uni- 
formly, but  develops  a  periodic  variation  in  speed  that  causes 
fwide  fluctuations  in  the  direct-current  voltage.     Excessive 
parking  is  liable  to  result,  and  in  some  cases  the  etfects  have 
iccn  almost  as  bad  as  a  short  circuit.     This  trouble   has 
sen  particularly  noticeable  on  converters  made  to  operate 
■fU  a    fairly  high    frequency,   say  in  the   neighborhood   of 

0  cycles  per  second.     Rotary  converters  are  now  generally 
■operated  on  the  lower  frequencies,  such  as  40  or  25  cycles 

yex  second.  When  a  machine  hunts,  the  field  shifts  back 
aid  forth  across  the  pole  pieces,  thus  changing  the  position 
\  the  neutral  field  and  giving  rise  to  very  bad  sparking. 
The  governor  on  the  engine  driving  the  alternator  may  be 
responsible  for  the  hunting  in  the  first  place,  or  it  may  be 
isased  by  variations  in  the  load,  or  by  the  influence  of  other 
uchines  on  the  same  system.     Its  effects  can  be  remedied 

1  a  considerable  extent  by  putting  heavy  copper  bridges 
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between  the  pole  tips  and  by  surrounding  the  pole  face 
with  a  heavy  copper  ring.  If  the  field  then  shifts  back 
and  forth,  it  will  set  up  heavy  currents  in  the  ring,  or 
bridges,  and  these  currents  will  tend  to  oppose  any  shifting 
of  the  field. 


TESTING   FOR   FAITLTS. 

91.  Many  of  the  defects  that  are  liable  to  arise  in  con- 
nection with  dynamos  and  motors  are,  of  course,  apparent 
from  a  mere  inspection  of  the  machine.  Other  defects, 
such  as  short-circuited  or  open-circuited  field  coils,  short- 
circuited  or  open-circuited  armature  coils,  etc.,  must  be 
located  by  making  tests.  Many  of  these  tests  have  already 
been  referred  to,  and  the  following  is  intended  to  show  how 
they  are  carried  out.  For  tests  of  this  kind  Weston  or  sim- 
ilar instruments  are  most  convenient  if  they  have  the  proper 
range  for  the  work  in  hand.  For  measuring  resistances,  the 
drop'Of'potcntial  method  is  generally  most  easily  applied. 
This  method  consists  in  sending  a  known  current  through 
the  resistance  to  be  measured  and  noting  the  pressure  be- 
tween the  terminals  of  the  resistance ;  in  other  words,  noting 
the  pressure  required  to  force  the  known  current  through 
the  unknown  resistance.     The  resistance  may  then  be  deter- 

E  E 

mined  at  once  from  Ohm's  law,  because  C  =  t^,  or  R  =  — ,. 

/V  \^ 

If  the  resistance  to  be  measured  is  very  low,  as,  for  example,' 
an  armature  coil,  the  voltmeter  must  be  capable  of  reading 
low  and  a  millivoltmeter  (one  reading  to  thousandths  of  a 
volt)  will  be  best  suited  to  the  work.  Of  course,  a  good 
Wheatstone  bridge  may  also  be  used  for  measuring  resist- 
ances, but  it  is  generally  not  as  convenient  to  use  around  a 
station  as  the  drop-of-potential  method. 

92.  Testing    for    Opeii-Clreuited    Field  Coils.— If  a 

machine  does  not  pick  up,  it  may  be  due  to  the  absence  of 
residual  magnetism.  If  any  residual  magnetism  is  present, 
a  voltmeter  connected  across   the   brushes  will  give  a  small 
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leflection  when  the  machine  is  run  up  to  full  speed,  so  that 
Jbis  point  can  easily  be  determined  before  a  test  is  made  for 
^  broken  field  coil.  Examination  of  the  connections  between 
[he  various  coils  will  show  if  they  are  defective  or  loose; 
nuite  frequently  the  wire  in  the  leads  from  the  spools 
Becomes  broken  at  the  point  where  the  leads  leave  the  spool. 
fvhile  the  insulation  remains  intact,  so  that  the  break  does 
This  may  be  detected  by  "  wiggling  "  the  leads. 
If  the  break  is  inside  the  winding  of  one  of  the  coils,  it  can 
miy  be  detected  by  testing  each  coil  separately  to  see  if  itu 
Bircuit  is  complete.  This  may  be  done  with  a  Whealstonc 
iridge  or  with  a  few  cells  of  battery  and  a  galvanometer. 
i  low-reading  Weston  voltmeter  makes  a  good  galvanometer 
)  use  for  this  purpose. 

If  the  current  from  another  dynamo  can  be  obtained,  the 

^iilty  spotil  may  be  detected  by  connecting  the  terminals  of 

:  field  circuit  to  the  terminals  of  the  circuit  of  the  other 

Ipachine;    no  current   will   flow  through  if  the   circuit    is 

"oken,  but  if  a  voltmeter  is  connected  across  each  single  field 

n  succession,  it  will  show  r/o  (iefitcliott  if  the  coil  is  con- 

anuous,  because  both  poles  of  the  voltmeter  will  be  connected 

D  the  5tfW('  side  of  the  dynamo  circuit.     If  the  coil  has  a 

It  in  it,  one  of  its  terminals  will  be  connected  to  one  side 

f  the  circuit  and  the  other  to  the  other  side,  so  that  a  volt- 

toeter  connected  between  these  terminals  will  show  the  full 

p.  M.  F.  of  that  circuit.      Consequently,  when  the  voltmeter 

%  connected  across  a  spool  and  shows  a  considerable  deflec- 

l^on,  that  spool  has  an  open  circuit  which  must  be  repaired 

Mfor«  the  dynamo  can  operate. 

This  method   of  testing  is  represented  by  the  diagram, 

.  24 ;  i,  if.  -y,  and  J^  represent  the  field  coils  of  a  four-pole 

lamo,  there  being  a  break  in  coil  3  at  B.    The  terminals  <i 

md  e  of  the  field  winding  are  connected  to  the  +  and  —  ter- 

pjnala  of  a  "live"  circuit;  that  is,  a  circuit  connected  to 

-}  in  operation.      It  will  be  seen  that  terminals  a 

\  b  of  Coil  /  arc  both  connected  to  the  +  side   of  the 

mil,  and  as  there  js  no  current  flowing  through  the  field 

uit,  there  is  no  difference  of  potential  between  a  and  b; 

J.    II.- li 
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therefore,  a  voltmeter  connected  to  a  and  i,  as  at  F,  will 
show  no  deflection.  But  terminal  c  of  coil  2  is  connected  to 
the  —  side  of  the  circuit; 
so  a  voltmeter  connected 
to  d  and  c,  as  at  t',  will 
show  a  deflection,  and,  in 
fact,  will  indicate  the  dif- 
ference of  potential  be- 
tween a  and  r. 

The  above  test  may  be 
roughly  made  with  a  bit 
of  wire  long  enough  to 
span  from  terminal  to  ter- 
minal of  a  coil.  If  one 
end  of  the  wire  is  touched 
on  ti,  for  instance,  and  the 
other  on  ^,  it  will  not  affect  the  circuit ;  but  if  it  is  touched  on 
the  terminals  of  the  coil  in  which  the  break  is  located,  the  field 
circuit  will  be  completed  through  the  bit  of  wire,  and  a  spark 
will  occur  when  the  wire  is  taken  away.  The  wire  should 
not  be  allowed  to  span  more  than  one  coil  at  a  time,  other- 
wise it  may  short-circuit  so  much  of  the  field  winding  that 
too  great  a  current  will  flow. 


Oa.     Hh<>rt-Clr<-ultfd  Flt-lrt  Coll. 

the  windings  of  a  field  coil  become  short- 
wires  coming  in  contact  or  by  thi 
bonized,  the  defective  coil  will  shi 
than  it  should.      The  drop  of  potential 
field  coils  should  be  about  the  same  f< 
one  coil  shows  a  much  lower  drop  th; 
catcs  a  short  circuit  of  S()me  kind. 

J>4.    Test  for  <ii-oiinils  Jlptwcoii  ' 

After  the  machine    has    thoroughly  i 
be  tested  for  "gnninds,"  or  connectii 
ing  and  the  frame  or  urmature  core. 
with   a  good  high-resistance  voUmci 
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•the  machine  is  running,  connect  one  terminal  of  the 
Kvultmeter  to  ont  terminal  of  the  dynamo,  and  the  other 
Jtcrminal  of  the  voltmeter  to  the  frame  of  the  machine,  as 
■.represented  in  Fig.  25,  where  7"  and  7",  are  the  terminals  of 
tthe  dynamo,  and  t'  and  K,  two  positions  of  the  voltmeter, 
[connected  as  described  above. 

If  in  either  position  the  voltmeter  is  deflected,  it  indi- 
I  cates  that  the  field  winding  is  grounded  somewhere  near  the 
|.tf/Acr  terminal  of  the  dynamo;  that  is,  if  the  voltmeter  at 
f.y  shows  a  deflection,  the  machine  is    grounded  near  the 


mlnal  T„  and  vice  versa.  If  the  needle  shows  a  deflec- 
Ktion  in  both  positions,  but  seems  to  vibrate  or  tremble,  the 
armature  or  commutator  is  probably  grounded.  If  in  either 
lease  the  deflection  does  not  amount  to  more  than  about  jV 
■  the  total  E.  M.  F.  of  the  machine,  the  ground  is  not  serious, 
(but  if  the  deflection  is  much  more  than  this,  the  windings 
ihould  be  examined  separately,  the  ground  located,  and,  if 
ssible,  removed, 

95.    To  locate  the  ground,  if  thought  to  be  in  the  field 

Xnls,  each  coil  should   be  disconnected    from    its    neighbor 

■(with  the  machine  shut  down,  of  course)  and   "tested  out" 

Ity  connecting  one  terminal  of   another   dynamo   (or   of  a 
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**live"  circuit)  to  the  frame  of  the  machine,  care  being 
taken  to  make  a  good  contact  with  some  bright  surface, 
such  as  the  end  of  the  shaft  or  a  bolt  head,  and  the  other  to 
a  terminal  of  the  coil  to  be  tested,  through  a  voltmeter,  as 
represented  in  Fig.  26. 

Here  C  and  C^  represent  the  terminals  of  a  **live"  circuit, 
which  should  have  a  difference  of  potential  between  them 
about  equal  to  the  E.  M.  F.  of  the  machine  when  it  is  in 
operation,  but  not  greater  than  the  capacity  of  the  volt- 
meter will  allow  of  measur- 
ing. T  and  T^  represent  the 
terminals  of  the  dynamo,  as 
before,  and  /  and  /,,  the  ter- 
minals of  the  field  coils,  which 
have  been  disconnected  from 
each  other  and  from  the 
dynamo  terminals.  One  ter- 
minal C  of  the  circuit  is  con- 
nected to  the  frame  of  the 
machine;  the  other  terminal 
C^  of  the  circuit  is  connected 
through  the  voltmeter  f  to 
the  terminal  /,  of  the  field  coil.  If  that  coil  is  grounded, 
the  voltmeter  will  show  a  deflection  about  ecjual  to  the 
E.  M.  F.  of  the  circuit  C  C\,  but  if  the  insulation  is  intact, 
it  will  show  little  or  no  deflection.     The  wire  connecting  the 

voltmeter  with  the  terminal  /.    mav   be   connected   in   sue- 

I         ^ 

cession  to  the  terminal  of  the  other  coil,  or  coils,  and  to  the 
commutator;  any  grounded  coil  of  the  field  or  armature 
winding  will  be  shown  by  a  considerable  defection  of  the 
voltmeter  needle. 


Fig.  ^'6. 


9C>.  If  the  machine  tests  out  clear  of  grounds,  it  should 
bv,  shut  down  after  the  proper  length  of  time  and  the 
various  parts  of  the  marlnne  felt  over  to  locate  any  excessive 
heating.  If  accurate  results  are  wanted,  thermometers 
should  be  used,  j^lacing  the  bulb  on  the  various  parts  (arma- 
ture, field   coils,  etc.)  and  covering  it  with  a  wad  of  waste 
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■  rags.  They  should  be  looked  at  from  time  to  time 
until  it  is  seen  that  the  mercury  no  longer  rises,  when  the 
point  lu  which  it  has  risen  should  be  noted,  A  thermometer 
hung  on  the  wall  of  the  room  will  give  the  temperature  of 
^the  air.  and  the  difference  between  the  air  temperature  and 
hat  of  the  various  parts  of  the  machine  should  not  exceed 
fehe  prescribed  limit. 


LB. 

It    t 

llmll 

Test     for    Defects     In     Armature     |nRi-to-Bar 

— Faults  in  armatures  may  best  be  located  by  what  is 
[known  as  a  Imr-to-bar  tost.     This  consists  briefly  in  sending 
K  current  through  the  armature  {in  at  one  side  of  the  com- 
mutator and  out  at  the 
bppo&ite     side)     and 
Deasuring  the  drop 
►etwecn  adjacent   bars 
til  around  the  commu- 
If  the  armature 
ih»s  no  faults,  the  drap 
tTQtn  bar  to  bar  should 
;  the  same  fur  ail  the 
The  connections 
for  this  lest  arc  shown 
iFig.  27.    £  is  the  line 
^om  which  the  current 
Rbr   testing  is  obtained 
Jid  /,  J?   a  lamp  bank 
By  means  of  which  the 
lurrent  flowing  through 
armature    may    be 
ildjustcd.       Connection 
I  made  with  the  com- 
nutator  at  two  opposite 
loints  A,  li.      A   con- 
iBct   piece,  or   crab,    C 

provided    with    two  ^"^-  "■ 

rias  contacts  that   are   spaced  so  as  to  rest  on  adjacent 
tars.     These  contacts  are  connected  In  a  galvanometer,  or 
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millivoltmeter,  G.     For  the  sake  of  illustrating  the  way  in 
which  the  bar-to-bar  test  will  indicate  various  kinds  of  faults, 

we  will  suppose  that  in 
coil  N  there  is  a  short 
circuit,  that  the  commu- 
t  a  t  o  r  leads  of  coils  5, 
A',  and  IF  have  been 
mixed,  as  shown,  and  that 
there  is  an  open  circuit  in 
coil  T,  Current  will  flow 
through  the  top  coils  from 
A  to  /?,  but  not  through 
the  bottom  coils  on 
account  of  the  open  circuit 
at  T.  Terminals  A^  B 
may  be  clamped  perma- 
wooden  clamp,  or  a  strap 


Fig.  28. 


nently  in  place  by  means  of   a 
such  as  shown  in  Fig.  28  may  be  used. 

98,  It  is  evident  that  the  deflection  of  the  galvanometer 
will  depend  on  the  difference  of  potential  between  the  bars. 
If  everything  is  all  right,  practically  the  same  deflection 
will  be  obtained  all  around  the  commutator,  no  matter  on 
what  pair  of  bars  C  may  rest.  The  test  is  carried  out  as 
follows:  Adjust  the  lamp  bank  until  the  galvanometer,  or 
voltmeter,  gives  a  good  readable  deflection  when  C  is  in  con- 
tact with  what  are  supposed  to  be  good  coils.  The  amount 
of  current  required  in  the  main  circuit  will  depend  on  the 
resistance  of  the  armature  under  test.  If  the  armature  is 
of  high  resistance,  a  comparatively  small  current  will  give 
sufficient  drop  between  the  bars;  if  of  low  resistance,  a 
large  current  will  be  necessary.  The  operator  runs  over 
several  bars  and  gets  what  is  called  the  standard  deflection 
and  then  compares  all  the  other  deflections  with  this.  In 
case  he  should  start  on  the  damaged  part,  he  will  find  when 
he  comes  to  the  good  coils  a  difference  in  deflection. 

If  the  contact  rests  on  bars  S^  4,  it  is  easily  seen  that  a 
deflection  much  larger  (about  double)  than  the  standard  will 
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e  obtained,  because  iwn  coils  arc  conncctetl  between  S  and 

1  place  of  only  cme.     When  on  4  and  .5.  the  deflection  of 

;  voltmeter,  or  galvanometer,  would  reverse,  Ijecausc  the 

lads  frora  A',  S,  and  IV  are  crossed.     The  deflection  would 

t  be  greater  than  the  standard,  because  only  one  coil  is 

lonnected   between   i  and   5.       Between  5   and  6  a  large 

flection  will  be  obtained  for  the  same  reason  that  a  large 

e  was  obtained  between  -?  and  4-     Between  6  and  7  little 

r  no  deflection  will  be  obtained,  because  coil  7  is  here  repre- 

lented  as  being  short-circuited  and,  hence,  there  will  be  little 

»l»r  no  drop  through  it.     As  C  is  moved  around  on  the  lower 

ttde.  no  deflection  will  be  obtained  until  bars  /.7  and  10  are 

bridged.      There  will  then  be  a  violent  throw  of  the  needle, 

muse  the  voltmeter  will  be  connected  to  A  and  />  through 

hv  intervening  coils.    When  C  moves  on  to  !G  and  IT,  there 

irill  again  be  no  deflection,  thus  locating  the  break  in  coil  T. 

.  temporary  remedy  for  this,   bars  i.-7  and  18  may  be 

Beonnectcd  together  by  a  "  jumper  "  or  piece  of  short  wire. 

\t9.     If  any  of  the  coils  have  poor  or  loose  connections  with 

the  commutator  bars,  the  effect  will  be  the  same  as  if  the 

coil  had  a   higher  resistance  than  it  should  and,  hence,  the 

galvanometer  deflection  will  be  above  the  normal.     In  prac- 

,  after  one  has  become  used  to  this  test,  faults  may  be 

kcated  easily  and  rapidly.     It  is  best  to  have  two  persons, 

lOve  C  and  the  other  to  watch  the  deflections  of  G. 

iMvatlng     Short-Clrcutted     Armature     Colts. 

Ticre  there  are  a  large  number  of  armatures  to  be  tested, 
is,  for  example,  in  street-railway  repair  shops,  an  arrange- 
fluent  Biroilar  to  that  shown  in  Fig,  3!l  is  very  convenient 
for  locating  short-circuited  coils.  A  is  a  laminated  iron 
wrc  with  the  polar  faces  i,  d  (in  this  case  arranged  for  four- 
ole  armatures).  This  core  is  wound  with  a  coil  c  that  is 
tODQectcd  to  a  source  of  alternating  current.  The  core  is 
luilt  up  to  a  length  (/,  about  the  same  as  the  length  of  the 
trmature  core.  The  core  A  is  lowered  on  to  the  armature, 
nd  when  an  alternating  current  is  sent  through  C  an  alter- 
Utlng  magnetization  is  set  up  through  the  armature  coils. 
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This  induces  an  E.  M.  F.  in  each  coil;  and  if  any  short  cir- 
cuits exist,  such  heavy  local  currents  arc  set  up  that  the 
short-circuited  coils  soon  become  hot  or  burn  out,  thus 
indicating  their  location.  If  an  armature  with  a  short- 
circuited  coil  is  revolved  in  its  own  excited  field,  the  faulty 
coil  promptly  burns  out,  so  that   this  constitutes  another 
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method  of  testing  for  such  faults.  To  cut  out  a  short-cir- 
cuited coil,  temporarily  (liscnnnect  its  ends  from  the  commu- 
tator and  bend  back  the  (;ni!s  out  of  the  way  and  tape  them 
so  that  they  cannot  touch  each  other  and  put  a  short  piece 
of  wire,  or  "jumper,"  in  place  of  the  coil  so  disconnected. 
It  is  always  best,  however,  to  replace  the  defective  coil, 
because  if  the  turns  are  short-circuited  on  each  other,  the  coil 
may  persist  in  heating  and  thus  damage  other  coils. 


nilEOSTATS  FOIl  TESTIN<i   ITKl'OSKS. 

101.  When  tests  are  being  made  on  machines,  some 
form  of  adjustable  resistance  is  necessary  in  order  to  get  a 
variable  load.  If  the  current  to  be  handled  is  not  large,  a 
lamp  bank  is  very  convenient,  since  the  resistance  may 
readily  be  changed  by  cutting  lami)s  in  or  <mt.  Another 
very  convenient  form  of  resistance  for  testing  purposes  may 
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:  made  by  slitting  a  sheet  of  ordinary  roofing  tin  into 
ktrips.  as  indicated  in  Fig.  30,  and  attachinjf  this  slu-et  to  a 
pooden  frame.  The 
should  be  from 
i  inch  to  J  inch  wide,  ^■ 
and  the  sheet  should  C- 
be  slit  to  within 
inch  on  alternate 
iges,  so  that  when 
is  stretched  out 
and  held  in  position, 

ill  form  one  con-    | 

tinuous      conductor. 

he   resistance   may 

adjusted     by     a 

iding  crosspiere  S, 

which    short-circuits 

any  required  amount 

of  resistance.     Frames  of  this  kind  can  be  made  of  different 
rrent  capacities  depending  on  the  width  of  strip  used. 

103.  Water  Rhetistat. — When  heavy  currents  arc  to 
E  handled,  a  ^vater  rheofttat  is  convenient.  This  usually 
insists  of  a  wooden  tank  filled  with  salt  water,  in  which 
ire  hung  two  iron  (or  other  metal)  plates  that  are  attached 
D  the  terminals  of  the  dynamo.  The  circuit  is  thus  com- 
1  through  the  water  between  the  plates,  and,  by  vary- 
big  the  distance  between  the  plates,  the  resistance  of  the 
txternal  circuit  can  be  adjusted  between  wide  limits. 

1  old  oil  barrel  makes  a  good  tank  if  the  dynamo  to  be 

sted  has  an  output  of  not  more  than  about  15  kilowatts. 

I  a  greater  amount  of  energy  must  be  disposed  of,  the  sur- 

6  and  the  amount  of  the  water  must  be  greater  than  a 

(arrel  will  afford,  and  a  tank  should  be  made  for  the  pur- 

le,  especially  if  several  machines  are  to  be  tested.     Fig.  31 

trates  a  form  of  water  rheostat,  in  which  Tis  the  wooden 

,  which  should  be  about  7  feet   long  ami   about  2^  feet 

iquare,    inside   measurements,   made  of   lA-inch   or  2-inch 
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pine  plank,  with  tongued -and -grooved  joints  that  should  be 
leaded  to  make  them  tight,  the  whole  being  held  together 
by  cross  bolts,  as  represented  in  the  figure. 

Two  iron  rods  K,  R  are  placed  across  the  top  of  the  tank, 
to  which  are  attached  the  terminals  of  the  dynamo  circuit, 
as  represented  at  \V,  If,  Prom  these  rods  two  iron 
plates  P,  J'  are  hung,  which  should  have  about  SJ  or  4  square 
feet  of  surface  {on  one  side)  below  the  water  level.  These 
plates  may  be  made  of  a  couple  of  pieces  of  old  boiler  plate 


or  heavy  (J-inch  or  thicker)  sheet  iron,  cut  with  two  pro- 
jecting lugs  (in  the  top,  which  are  bent  iiH"  hooks  by  which 
the  plates  are  huntj  from  the  rods  A',  A'.  Cast  iron  will  do 
equally  well;  two  old  ash-pit  doors,  for  example,  will  make 
very  good  plates,  the  rods  being  passed  through  the  holes 
for  the  hinge  ]nns.  When  ready  for  use,  the  tank  should 
be  filled  with  water,  and  from  .5  to  ao  pounds  of  rock 
salt  or  washing  soda  added  to  reduce  the  resistance  to  the 
required  figure,  as  water  alone  will  give  altogether  too  high 
a  resistance. 
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CONSTANT-CURKENT    DYNAMOS. 

1,     If  an   nrdinary  series-wound  dynamo  is  connected  to 

ttCi  external  circuit  whose  resistance  is  variable,   both  the 

[current  and  the   E.  M.  F.  will  vary.     For  example,  if  the 

flMternal  resistance  is  increased,  the  current  will  be  dimin- 

as  the  machine   is  series-wound,  this   weakens   the 

which  lowers  the  E.  M,  F.  and  still  further  decreases 

Jie  current.     If   the  external  resistance   is  decreased,  the 

Current  and  E.  M.  F.  will  each  be  increased. 

In  order  to  obtain  a  constant  current  in  a  circuit  of  vari- 
able resistance,  it  is  necessary,  then,  to  vary  the  E.  M.  F.  of 
B  machine  as  the  resistance  changes,  and  in  the  same  pro- 
lortion.  There  are  many  different  devices  for  accomplish- 
j  this,  as  will  be  described. 
In  general,  the  field  magnets  of  constant-current  dyna- 
mos may  be  bipolar  or  multipolar,  with  salient  or  conse- 
snt  poles,  according  to  the  ideas  of  the  designer.  They 
:  usually  series-wound.  The  armature  windings,  how- 
!Ver,  may  be  divided  into  two  classes,  closed  coil  and  open 
9il. 


CLOSED-COII.    ARMATUHES. 

2*    Clcwort-i'oll  armatures  have  already  been  described 

n  connection  with  constant-potential  dynamos.     Ring  arma- 

nres  arc  generally  used  in  c»mstani-current  dynamics,  on 

Kcount  of  their  good  ventilation,  and  from   the  ease  with 


Ml 


For  nolic 


2  DYNAMO-ELECTRIC  MACHINERY.  §  11 

which  any  damaged  coil  may  be  repaired,  since  a  coil  can 
be  replaced  without  disturbing  others,  which  is  not  the  case 
in  the  usual  form  of  drum  windings,  where  the  coils  overlap. 

3,  The  methods  used  to  regulate  the  E.  M.  F.  of  closed- 
coil  armatures  are  as  follows:  (1)  Varying  the  speed; 
(2)  varying  the  strength  of  the  field ;  and  (3)  shifting  the 
brushes. 

The  first  method  is  seldom  used,  though  in  special  cases 
it  is  very  convenient.  The  principle  of  this  method  is  that 
with  a  simple  series-wound  dynamo,  if  the  external  resist- 
ance is  increased,  decreasing  the  current  and  E.  M.  F., 
the  speed  may  be  increased  until  the  E.  M.  F.  rises  to  a 
point  where  it  will  force  the  normal  current  through  the 
external  circuit;  if  this  adjustment  of  the  speed  is  made  as 
rapidly  as  the  external  resistance  changes,  the  current  will 
be  maintained  at  a  constant  value. 

4,  The  second  method  has  already  been  described  in 
connection  with  series-wound  dynamos.  It  is  evident  that 
this  same  principle  may  be  applied  to  constant-current 
machines,  so  as  to  properly  vary  the  E.  M.  F.  The  range 
of  this  method  of  regulation  is  quite  limited,  because  the 
strength  of  the  field  cannot  be  economically  forced  beyond 
the  i)oint  where  the  iron  begins  to  be  saturated,  and  if  it 
is  much  reduced,  the  armature  reaction  (which  is  constant, 
since  the  current  is  constant)  will  cause  the  neutral  point 
to  considerably  alter  its  position. 

5,  The  third  method  is  almost  universally  used  in  this 
type  of  machines.  It  has  already  been  pointed  out  that 
the  greatest  difference  of  potential  in  a  (bipolar)  closed- 
coil  armature  exists  between  the  two  op[)osite  coils  that 
are  in  the  neutral  si)aces;  so,  to  get  this  maximum  differ- 
ence of  potential  between  the  brushes,  they  are  placed  on 
the  opposite  commutator  segments  that  are  connected  to 
these  two  coils.  Now,  if  the  brushes  are  shifted  from 
this  position,  althougli  the  E.  M.  F.  generated  in  the  arma- 
ture is  not  altered,  the  dij[)  crime  of  potential  between  the 
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}Tis/tcs  is  rediiidi ;  for,  although  the  circuit  thrnugh  the 
hrmature  winding  is  still  divided  into  two  parts  connected  in 
H|tarallel  between  the  brushes,  the  separate  E.  M.  F.'s  of 
pU  the  coils  in  each  of   the   two  parts  are  not  all  in  the 

Bme  direction. 

O,  If  there  were  no  armature  reaction,  shifting  the 
itfTushes  to  a  point  half  way  around  the  commutator  from 
the  neutral  space  would  reduce  the  difference  of  potential 
between  them  to  zero;  and  in  positions  between  these  two, 
the  difference  of  potential  would  be  proportional  to  the 
Amount  of  shift.  Since  the  coils  short-circuited  by  the 
brushes  would  be  moving  in  strong  magnetic  fields,  there 
Would  also  be  violent  sparking. 

There  is,  however,  a  very  considerable  armature  reaction 

■in  dynamos  of  this   type,   which   is  so   proportioned   with 

respect  to   the  strength  of  the  field  that  it  has  two  effects. 

One  is  to  shift  the  neutral  point  so  that  the  difference  of 

potential  between   the  brushes  is  not  quite  proportional  to 

;tbe  amount  of  shift;  but  this  is  of  little  importance  com- 

rcd  to  the  second  effect,  which  is  that  the  tendency  of  the 

rrcnt   in  the  armature  winding  to  form  consequent  poles 

It  the  points  where  the  current  enters  or  leaves  the  winding 

rough  the  leads  to  the  commutator  actually  ybrrcj  (he  Urns 

for<e  of  the  field  from  the  armature  at  these  points,  leav- 

inly  a  weak  field  to  influence  the  short-circuited  coil, 

ly   proper   proportioning   of   the   armature   winding,   this 

lults  in  little  or  no  sparking  at  the  brushes,  especially  as 

the  amount  of  current  in  a  constant-current  machine  seldom 

exceeds  10  amperes,  which  allows  the  use  of  such  a  narrow 

brush  that  the  time  during  which  a  coil  is  short-circuited  is 

lort  that  the  current  in  the  coil  does  not  have  time  to 

ime  large  enough  to  cause  serious  sparking. 

le  brushes  may  be  shifted  by  hand  to  get  the  desired 

ilation,  but  as  this  would  require  constant  attention,  it 

to  shift  the  brushes  automatically  by  devices  on  or 

the  dynamos.      These    devices    are   usually   controlled 

loUt    as    follows:     Electromagnets    are    connected    in  the 
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iBain  circuit  .ind  are  so  adjusted  that  when  any  change  in 

fxternal   resistance   causes   the  current  to  increase  or 

lecrcasc   from  normal,  the  corresponding  movement  of  the 

bajjnet   keeper   mechanically   connects   the   rocker-arm  of 

ihc  dynamo  to  some  sort  of  driving  mechanism,  so  that  the 

n-ushes    are    properly    shifted.      When    they    reach    such    a 

lint    that    the    current   is  again   at   its  normal  value,  the 

felcctromagnet  (usually  called   the  controlling  magnet)  dis- 

Mnnect's  the  rocker-arm   from  the  driving  mechanism,  and 

4ie  motion  of  the  brushes  ceases  until  some  change  in  the 

ixternal  circuit  calls  for  a  new  adjustment. 

The  mechanical  parts  of  the  various  brush-shifting  devices 

e  quite  different  in  the  different  makes  of  constant-current 

litchines.     In   the  following  description   of   the   principal 

Matures  of  some  of  the  best  known  types  of  closed-coil,  con- 

■tant-current  machines,  the  types  of  regulating  devices  used 

[rill  be  taken  up  more  in  detail. 


PBfNCIPAI.  CIX>SE:i)-roiI.  CONSTAXT-CUnRENT  DYNAMOS. 

I  7.    Wood    I}j-uanios. — These    machines    have    bipolar, 
pnscquent-pole,  series-wound  field  magnets  and  ring-wound 

matures  of  quite  large  diameter. 

'  A  regulator  that  has  been  used  largely  on  these  dynamos 

is  shown  in  Tig,  1  («)  and  [li).     To  reduce  the  sparking  to  a 

minimum,  it  has  been  found  desirable  to  use  two  positive 

brushes  a,  it^,  shown  only   in    (a),  located  a  little   distance 

«rt  on  the  commutator,  and  two  negative  brushes  i,  /),, 

atted   opposite   the    positive   brushes.     The    brushes   are 

ountcd   on  opposite  ends  of  the  rocker-arms  r  and  r,,  so 

9iat  simply  shifting  these  two  effects  the  shifting  of  the  four 

itshc&     The  angle  between   the  rocker-arms  r  and  r,  of 

ich  pair  of  brushes  is  variable,  preserving  a  distance  between 

E  bearing  ends  of  the  brushes  equal  to  about  three  com- 

lutator  segments  at  light  loads  (low  E.  M,  F.),  and  about 

buble  this  at  heavy  loads  (high  E.  M.  !■".).     This  variation 

I  distance  is  accomplished  by  shifting  the  />/icl'  brushes  a, 
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and  b^  of  each  pair  a  little  faster  than  the  front  brushes  a  and 
b  are  shifted,  so  that  the  back  brush  gradually  overtakes  the 
front  one,  lessening  the  distance  between  them,  in  shifting 
from  the  heavy-load  to  the  light-load  position. 

The  electromagnet  e  is  connected  in  series  with  the  arma- 
ture, field,  and  external  circuit,  and  furnishes  the  power  for 
regulating  the  current.  The  cores  f ,  c  of  this  electromag- 
net are  free  to  move  into  or  out  of  the  coils,  the  attraction 
of  the  magnet  being  balanced  by  a  tension  spring  provided 
with  an  adjustment  at  d.  The  lever  arm  /;/  is  raised  by 
the  electromagnet  when  the  current  increases  and  is  low- 
ered when  the  current  weakens.  A  small  gear  g  on  the  end 
of  the  shaft  continuously  drives  two  friction  rollers  /",,  f^  in 
opposite  directions  by  means  of  the  gears  g^^  g^.  The  move- 
ment of  the  lever  arm  vi  presses  the  friction  wheel  y,  by 
means  of  the  intermediate  links  ;/,  o^  against  one  or  other  of 
the  friction  rollers,  thereby  turning  the  friction  wheel  in  a 
forward  or  backward  direction.  This  motion  is  then  com- 
municated by  means  of  gearing  to  the  rocker-arms,  pro- 
ducing the  relative  movement  already  referred  to.  The  two 
positive  and  the  two  negative  brushes  are  connected  by 
short,  flexible  cables,  so  that  the  intervening  coils  on  the 
armature  are  short-circuited.  As  the  distance  between  the 
brushes  increases,  a  larger  number  of  coils  will  be  short- 
circuited  ;  as  these  coils  lie,  however,  in  the  neutral  space, 
the  effect  of  cutting  them  out  is  to  neutralize  their  demag- 
netizing action,  thereby  increasing  the  E.  M.  F.  of  the 
dynamo.  In  order  to  facilitate  adjustment,  the  brushes  are 
set  to  a  certain  length,  the  amount  of  their  projection  from 
the  holders  being  determined  by  means  of  a  gauge.  The 
regulator  is  fastened  to  one  of  the  yokes  y  of  the  field.  In 
the  larger  sizes  of  these  machines,  the  friction  rollers  are 
driven  by  a  light  belt  from  a  small  pulley  on  the  end  of  the 
armature  shaft,  but  otherwise  operate  in  the  same  manner 
as  that  described. 

In  some  of  the  latest  type  of  Wood  machines,  the  friction 
wheel  f  and  the  two  friction  rollers  /",,  f,^  are  replaced  by  a 
small,   double    friction  clutch,  driven   by  a   belt  from   the 
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shaft.      In  otiicr  respects,   however,  the  construction 
md  principle  of  operation  are  the  same  as  that  described 
ibove. 

8.  8taD<lunl  Uj-namns. — ^These  machines  have  bipolar, 
»nsequent-pole,  series-wound  field  magnets.  The  arma- 
flire  is  of  tht  ring  type,  and  differs  from  that  of  the  Wood 
Machine  only  in  the  details  of  its  construction.  A  single 
nir  of  brushes  is  used,  v/hich  is  shifted  to  vary  the  E.  M.  F. 
ild  to  keep  the  current  constant  by  a  mechanism  situated 

1  the  base  of  the  machine.     This  mechanism  is  driven  by  a 
ight  belt  from  a  small  pulley  fastened   to  the  end  of  the 
Ikrmature  shaft. 

9.  Western  Electrlt-  Dynnmos. — In  the  smaller  sizes 
|)iese  machines  have  bipolar,  consequent-pole,  series-wound 

£eld  magnets,  with  drum-wound  armatures;  in  the  larger 
sizes  the  fieW  magnets  are  mu!tipt>lar,  with  salient  poles, 
and  ring-wound  armatures  are  used. 

The  machines  are  regulated  to  give  a  constant  current  by 
Ihifting  the  brushes,  as  in  those  previously  described;  the 
mechanism  for  shifting  the  brushes  is  driven  by  a  belt  from 
iie  end  of  the  armature  shaft  and  controlled  by  a  separate 
lOntrolling  magnet,  as  in  the  Wood  dynamo.  The  control- 
j  magnet  throws  into  or  out  of  gear  or  reverses  a  friction- 
lutch  arrangement,  which  shifts  the  brushes  forwards  or 
ickwards  as  the  load  is  increased  or  diminished. 

armature  of  the  Western  Electric  arc  dynamo  is 
tothed,  the  coils  being  wound  in  slots,  instead  of  on  the 
iarface.  The  slots  are  very  carefully  insulated  because 
bost  of  these  machines  generate  a  very  high  E.  M.  F.  at 
mil  load.  The  commutator  segments  are  mounted  on  a 
barbie  disk  and  are  arranged  so  that  they  may  be  renewed 
Irhen  they  are  worn  out.  Another  feature  of  the  machine 
%  that  graphite  brushes  instead  of  copper  are  used, 

10.  Expclslor  Dynamos.— These  machines  have  bipo- 
lar, salient-pole,  series-wound  field  magnets  and  use  ring 
irmatures.      An    iron   arm    projects    from  each    pole  piece, 

J.   n.—i 
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difference  of  potential  between  the  brushes  fluctuate,  so  that 
the  current  in  the  external  circuit  is  pulsating  in  character. 
In  speaking  of  it  as  a  constant  current,  it  is  meant  that  the 
average  current  strength  is  constant. 


PRINCIPAL.    OPEX-COIL.    CONST AXT-CURUENT    DYNAMOS. 

13.  Brush  Dynamos. — These  machines  use  a  disk- 
shaped  ring-wound  armature  with  projections  on  both  sides 
of  the  ring,  between  which  the  coils  are  wound. 

The  magnetic  circuit  has  four  poles,  but  it  is  really  a  conse- 
quent -  pole,    bipolar   field 
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Fig.  3. 


magnet,  as  will  be  seen 
from  Fig.  3,  which  repre- 
sents the  field  magnet  as 
seen  from  the  top. 

The  armature  winding 
of  these  machines  consists 
really  of  a  number  of 
windings,  each-  with  a 
separate  commutator. 
Each  winding  consists  of 
four  coils,  arranged  in  two  sets  of  two  coils  each.  The  two 
coils  of  each  set  are  placed  on  opposite  sides  of  the  arma- 
ture core,  so  that  one  coil  is  always  in  the  same  position 
relative  to  one  pole  piece  that  the  other  coil  is  to  the  other 
pole  piece;  this  being  the  case,  the  E.  M.  F.'s  generated 
in  the  coils  are  equal  at  all  parts  of  their  revolution,  and 
they  are  permanently  connected  in  series,  so  that  they 
really  act  as  one  coil.  The  other  set  of  coils  belonging  to 
the  winding  is  placed  on  the  core  in  the  same  manner,  but 
at  right  angles  to  the  first  set,  so  that  when  the  coils  of 
one  set  are  under  the  center  of  the  pole  pieces,  that  is,  are 
in  their  most  active  position,  the  coils  of  the  other  set  are 
in  the  neutral  spaces,  that  is,  in  their  least  active  position. 

14,     It  will  be  seen  that  this  arrangement  of  the  two  sets 
of  coils  corresponds   to  the  arrangement  of  the  two  loops 
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f  wire  that  has  been  previously  described  and  illustrated. 
B  ends  of  each  of  the  two  sets  of  coits  are  connei^ted  tu 
o  opposite  segments  of  a  commutator,  as  in  the  previous 
X,  except  that  instead  of  each  segment  being  a  little  less 
Ihan  one-fourth  the  circumference,  so  that  the  brushes  leave 
!  pair  of  segments  at  the  same  time  that  they  begin  to 
►ear  on  the  other  pair,  in  the  Brush  commutator  each  seg- 
^nt  covers  a  little  more  than  one-third  the  circumference, 
s  segments  of  one  pair  being  placed  alongside  the  segments 
f  the  other  pair  to  allow  for  this  extra  length. 

This  is  represented  in  Kig.  4,  a,  a'  being  the  two  segments 
(onnecled  to  one  set  of  coils, 
ind  6,  b'  lieing  the  two  that  arc 
:cted  to  the  other  set.  It 
rill  be  seen  from  this  figure 
;bat  each  of  the  brushes  7,  .-' 
rests  on  one  of  the  two  opposite 
Kgments  l>,  6';  but  as  the  com- 
jnutator  revolves,  each  brush 
jsts  on  one  segment  of  fac/t 
a',  b'  and  a,  b,  where 
overlap.  Consequently, 
9)e  coils  connected  to  each  pair 
segments  are  connected  in 
^rallel  with  each  other  during 
B  part  of  each  half  revolution. 

If  this  form  of  commutator  with  overlapping  segments  be 
connected  to  two  simple  loops,  it  will  be  seen  that  at  the 
moment  when  the  two  loops  of  wire  are  thrown  in  parallel 
f  each  brush  resting  on  two  segments,  the  E.  M.  F.  in  the 
wo  loops  is  not  the  same,  that  of  the  loop  which  had  just 
e  alone  been  connected  to  the  brushes  being  higher  than 
lat  of  the  other.  A  little  later,  at  the  moment  when  one  of 
e  loops  is  disconnected  from  the  circuit  by  each  brush  pass- 
hg  from  two  segments  to  a  single  segment,  the  coil  that  is 
nsconnected  has  a  less  E.  M.  F,  than  the  other, 
I  If  the  loops  hud  little  self-induction,  this  would  result  in 
{he  greater   E.   M.   F.  of  the  one   loop  sending   a  current 
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around  through  the  other  loop  against  the  E.  M.  F.  gener- 
ated in  it,  which  current  would  not  appear  in  the  external 
circuit  •  and  would  therefore  represent  so  much  wasted 
energy. 

This  local  current  would  evidently  be  greatest  when  the 
difference  between  the  E.  M.  F.'s  of  the  two  coils  is  greatest, 
that  is,  at  the  moment  when  the  two  loops  arc  connected  in 
parallel  and  at  the  moment  one  of  the  loops  is  disconnected 
from  the  brushes.  Then,  when  the  one  loop  is  disconnected 
from  the  other,  this  local  current  would  be  suddenly  broken, 
and  this  would  result  in  sparking. 

In  the  Brush  machines,  the  self-induction  of  the  coils  is 
considerable,  so  that  when  two  sets  of  coils  are  connected  in 
parallel,  the  self-induction  of  the  coil  having  the  lower 
E.  M.  F.  prevents  this  sudden  rush  of  local  current  and 
takes  up  its  share  of  the  output  of  the  machine  gradually. 

At  the  same  time,  the  parallel  connection  of  the  sets  of 
coils  is  not  broken  until  the  E.  M.  F.  of  the  set  that  is 
disconnected  is  enough  lower  than  that  of  the  other  set  so 
that  it  is  furnishing  practically  none  of  the  current  output ; 
hence,  there  is  little  sparking  when  it  is  disconnected. 

15,  As  stated,  the  Brush  armature  winding  is  made  up 
of  two  or  more  separate  windings,  the  action  of  each  being 
as  already  described. 

Fig.  5  represents  a  Brush  armature  with  two  separate 
windings.  In  this  figure,  the  pole  pieces  arc  represented  by 
the  dotted  lines  as  they  face  the  sides  of  the  armature,  as 
shown  in  Fig.  3.  The  segments  of  the  two  separate  com- 
mutators are,  for  convenience,  represented  as  concentric, 
with  the  brushes  resting  on  their  edges;  whereas,  actually, 
they  lie  side  by  side,  forming  two  separate  commutators  of 
the  same  diameter,  each  having  four  segments,  and  the 
brushes  rest  on  their  circumferences. 

One  winding  consists  of  two  pairs  of  coils  A  A*  and  B  B' 
located  at  right  angles  to  each  other,  the  coils  of  each  pair 
being  connected  in  series,  as  represented. 

This  winding  is  connected  to  its  commutator,  coil  A  to 
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Kgmcnt  a,  coil  A'  to  segment  a\  coil  B  to  segment  d,  and 
oil  /i'  to  segment  d',  as  represented.  Brushes  7  and  ^^  rest 
1  this  commutator,  making  contact  on  the  line  of  maxi- 
aiim  action  xy  of  the  coils.  It  will  be  seen  that  this  line 
1  not  from  center  to  center  of  the  pole  pieces,  but  is  moved 
ihcad  (in  the  direction  of  rotation,  as  indicated  by  the 
rs)  from  this  positinn  by  the  armature  reaction. 


The  second  winding  cnnsists  of  two  pairs  of  coils  C  C  and 

JjD  /}',  located  at   right  angles  to  each  other  ami  half  way 

letween  the  coils  of  the  first  winding,     These  coils  are  con- 

lected  in  scries  and  to  the  segments  of  the  second  commu- 

Btor,  coil  C  t"  segment  c,  coil  C  to  segment  c',  coil  J?  to 

igtaent    </,    and   coil    /}'  to  segment    //',    as   represented. 

fishes  S  and  4  rest  npnn  the  segments  of  this  commutator 

t  the  same  line  of  maximum  action  of  the  coils. 

Taking  each  winding  separately,  it  will  be  seen  that  its 
Vo  sets  of  coils  pass  through  the  following  combinations: 
&tie  Bet  of  coils  only  connected   to   the  brushes;  then  the 
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two  sets,  connected  in  parallel  and  both  connected  to  the 
brushes;  then  one  set  only;  then  both  sets  in  parallel;  and 
so  on. 

The  maximum  E.  M.  F.  occurs  when  the  single  set  of 
coils  is  connected  and  is  directly  in  the  line  of  maximum 
action;  the  minimum  occurs  one-eighth  of  a  revolution 
ahead  of  this  point,  when  both  sets  of  coils  are  in  parallel 
and  are  equally  distant  from  the  line  of  maximum  action. 

This  being  the  case,  it  is  evident  that  as  the  coils  of  one 
winding  are  half  way  between  the  coils  of  the  other,  the 
maximum  E.  M,  F,  of  one  zvinding  oecurs  at  the  same 
instant  as  does  the  minimum  E,  M.  F,  of  the  other.  On 
account  of  this,  when  the  two  windings  are  connected  in 
series,  the  fluctuations  of  the  current  are  much  reduced. 

This  connection  of  the  two  windings  is  obtained  by  con- 
necting, as  shown  in  Fig.  5,  the  positive  brush  of  one  wind- 
ing with  the  negative  of  the  other,  the  external  circuit 
being  connected  between  the  two  remaining  brushes. 

In  the  large  sizes  of  these  machines,  three  and  even  four 
separate  windings  are  used,  each  with  its  commutator,  and 
all  connected  in  series.  In  the  larger  multipolar  machines, 
each  winding  consists  of  two  sets  of  coils,  each  set  contain- 
ing four  coils,  one  for  each  pole  piece.  The  action  is  pre- 
cisely the  same  as  in  the  bipolar  machine. 

16,  The  regulation  of  the  Brush  machines  is  nearly 
automatic;  that  is,  a  machine  will  give  nearly  a  constant 
current  without  any  regulation  whatever.  This  is  due  to 
the  fact  that  the  armature  reaction  increases  so  much  with 
any  increase  in  the  current  that  the  line  of  maximum  action 
is  shifted  farther  ahead,  which  changes  the  relations  of  the 
various  coils  at  the  time  when  they  are  connected  with,  or 
disconnected  from,  each  other  or  the  external  circuit. 

This  regulation  is,  however,  not  close  enough  for  com- 
mercial working;  so  in  addition,  a  resistance  is  placed  in 
shunt  to  the  magnetizing  coils,  which  is  varied  by  a  con- 
trolling magnet  in  the  main  circuit,  thus  making  the  regu- 
lation very  exact. 
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This  resistance  consists  of  a  series  o£  blocks  of  carbon — a 
material  that  has  the  property  of  lessening  its  resistance  if 
tubjccteil  to  pressure.  In  this  case  the  pressure  is  obtained 
[by  the  pull  nf  the  controlling  magnet  on  its  keeper,  which 
hrms  the  end  of  a  lever  that  presses  upon  the  carbon  blocks. 
the  current  in  the  external  circuit  increases,  due  to  a 
lessening  of  the  external  resistance,  the  controlling  magnet 
bulls  on  its  keeper  with  greater  force,  thus  increasing  the 
Pressure  on  the  carbons,  decreasing  their  resistance,  and 
llrenkening  the  strength  of  the  field  magnets,  which  reduces 
Jie  E.  M.  F.  of  the  armature  coils  until  the  current  is  again 
bt  its  normal  strength. 

The  shifting  of  the  point  of  maximum  action,  due  to  the 
weakening  of  the  field  at  light  loads,  causes  a  certain  amount 
sparking,  which  is  remedied  by  slightly  shifting  the 
hnishes.  In  the  multipolar  machines,  this  shifting  is  per- 
formed automatically  by  mechanism  driven  by  a  belt  from  a 
miall  pulley  on  the  end  of  the  armature  shaft  and  con- 
trolled by  the  controlling  magnet,  as  in  the  closed-coil 
^ynamos  described. 

17.     Westlnjfhousc   Dynamos.— These  machines,  which 

hre  comparatively  new,  use  a  multipolar  field  magnet  having 

"Hx   salient    poles.      The  armature  coils  are   wound  around 

Bight  projecting  teeth  on  the  armature  core,  there  being, 

iberefore.  eight  armature   coils.      With  eight  coils  and   si.x 

nles,  it  is  evident  that  only  two  coils  can  be  directly  under 

ny  two  l>ole  pieces  at   the  same  instant.      This  armature 

^nding,  as  in  the  Brush  machine,  is  divided  into  two  scpa- 

iBlc  windings,  each  consisting  of  two  pairs  of  opposite  coils 

ind  each  connected  to  a  separate  commutator.     The  com- 

ination  of  connections  of  the  various  sets  of  coils  is  similar 

^  that  of  the   Brush  machine;  that  is,  the  set  of  coils  in 

B  position  of  least  action  is  disconnected  entirely  from  the 

■trctlit,  those  near  the  position  of  maximum  action  are  con- 

d  in  parallel  and  in  series  (by  e-xternal  connection  of 

B  brushes)  with  the  set  that  is  actually  in  the  position  of 

laximum  action. 
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In  this  machine,  a  coil  is  in  the  position  of  least  action 
when  the  projection  on  which  it  is  wound  is  directly  under  a 
pole  piece,  for  when  in  this  position  all  the  lines  of  force 
from  the  pole  piece  pass  directly  through  the  center  of  the 
coil,  which  therefore  cuts  none  of  the  lines  of  force.  As 
soon  as  the  coil  moves  from  this  position,  one  side  begins 
to  cut  the  lines  of  force  of  the  pole  piece  from  which  it  is 
moving;  then  as  it  moves  still  farther,  the  other  side  of  the 
coil  begins  to  cut  the  lines  of  force  of  the  pole  piece  toivards 
which  it  is  moving,  so  that  when  half  way  between  the  two, 
both  sides  of  the  coil  are  cutting  lines  of  force  equally  and 
at  the  maximum  rate,  and  this  is,  therefore,  the  position  of 
maximum  action. 

18.  A  diagram  showing  the  connections  of  the  armature 
winding  to  the  commutator  of  the  Westinghouse  machine  is 
given  in  Fig.  G.  As  in  Fig.  5,  the  two  commutators  are 
represented  as  concentric,  though  they  are  actually  side  by 
side  on  the  shaft,  and,  as  in  the  Brush  machine,  arc  situated 
on  the  end  of  the  shaft  outside  one  of  the  bearings,  the  leads 
to  the  commutator  being  brought  out  through  a  hole  in  the 
shaft,  instead  of  being  connected  directly,  as  represented  in 
the  diagram. 

The  two  pairs  of  coils  ^,  A'  and  />,  />'  make  up  one  winding 
and  are  connected  to  one  commutator,  as  represented.  The 
two  opposite  coils  A^  A'  and  />,  B'  are  connected  in  series  by 
connections  across  the  back  of  the  armature  core  (not  shown 
in  the  diagram). 

The  other  winding  is  made  up  of  the  two  pairs  of  coils 
C  and  C  and  D  and  //,  the  coils  of  each  pair  being  con- 
nected in  series,  as  before. 

It  will  be  seen  that  each  commutator  is  made  up  of  twelve 
segments  separated  by  a  considerable  width  of  insulating 
material  (indicated  by  the  solid -black  parts).  These  twelve 
segments  are  connected  by  cross-connecting  wires,  as  shown 
in  Fig.  f).  The  segments  that  are  connected  together 
are  one-third  a  circumference  apart,  as,  for  example,  seg- 
ments d^  d^  d. 
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Instead  of  the  st-gmt^nts  overlapping  as  they  do  in  the 
prusb  machine,  each  brush  is  divided  into  two  parts,  whieh 
I  the  cummutalor  at  a  distance  apart  equal  to  the 
length  of  one  segment,  as  represented  at  1  1'  or  2  '2'. 

Applying  the  statement  made  in  the  last  article  to  Fig.  fi, 

pt  will  be  seen  that  coils  A  and  --J'  are  in  the  position  of  least 

tCtion  and  are  disconnected  from  the  external  circuit.      The 

Lher  set  of  coils  of  this  winding.  B  and  B',  is,  however,  in 

!  position  of   maximum  action   and  is  connected  to  the 


wit  through  brushes  1  and  1'  and  2  and  S',  which  rest  on 
^meats  b,  b\  respectively.  Of  the  second  winding,  each 
t  of  coils  C,  C  and  D,  D'  is  equally  distant  from  the 
wition  of  maximum  action,  and  these  two  sets  are  there- 
ffe  connected  in  parallel  with  each  other  through  brushes 
)  X,  which  rests  on  segments  e,  ti,  and  lirushes  .i.  .^',  which 
:st  on  sfgmcnls  <',  li',  and  are  connected  in  series  with  the 
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set  of  coils  B^  B'  by  the  external  connection  between  the 
two  sets  of  brushes  2,  2'  and  .9,  S', 

To  follow  out  the  changes  in  the  connections  of  the  coils, 
consider  that  the  armature  is  moving  in  the  direction  indi- 
cated by  the  arrow.  As  coils  j5,  B'  move  from  their  posi- 
tion of  maximum  action,  brushes  1\  2'  are  disconnected 
from  segments  ^,  b\  and  as  the  armature  moves,  finally  come 
into  contact  with  segments  a\  a^  thus  throwing  the  two 
sets  of  coils  A,  A'  and  7i,  B'  in  parallel.  At  the  same  time, 
brushes  Jf.  and  3  being  disconnected  by  the  insulating  seg- 
ment from  segments  r,  c\  coils  Z>,  D'  only  of  the  second 
winding  are  connected  to  the  circuit  through  brush  J/!  and 
in  series  with  the  coils  of  the  other  winding  (now  connected 
in  parallel)  through  brush  3'  and  its  connection  with  brushes 
2y  2\  coils  C,  C  being  entirely  disconnected. 

It  will  be  seen  that  these  successive  combinations  of  coils 
are  precisely  the  same  as  take  place  in  the  Brush  machine, 
except  that  each  combination  takes  place  six  times  in  each 
revolution,  instead  of  twice,  which  is  due  to  the  multipolar 
field.  The  regulation  of  this  machine  is  entirely  automatic. 
The  field  magnets  are  separately  excited,  the  current  being 
furnished  by  a  separate  constant-potential  dynamo,  which 
gives  a  constant  magnetizing  force;  but  the  strength  and 
distribution  of  the  resulting  field  are  dependent  on  the 
armature  reaction,  which  is  so  proportioned  that  any  excess 
of  current  over  the  normal  so  reduces  and  distorts  the  field 
that  the  E.  M.  F.  generated  in  a  winding  during  the  time 
that  it  is  connected  to  the  brushes  is  reduced  until  the 
current  is  again  at  its  normal  strength. 

1 9.  Thoinson-Hoiistoii  Dynamos.  —  These  machines 
have  bipolar,  series-wound,  salient-pole  field  magnets.  The 
completed  armature  is  nearly  spherical  in  shape  and  the 
pole  pieces  are  bored  out  accordingly,  so  that  they  almost 
entirely  enclose  the  armature. 

In  the  older  machines,  the  armature  is  drum-wound, 
although  the  core  is  a  ring,  but  in  the  newer  machines,  a 
ring  winding  is  used;  in  either  case,  three  separate  coils,  or 
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lets  of  coils,   make  up  the  winding.     One  end  of  each   of 
oils  (or  sets  of  coils)  is  connected  to  a  commutator 
legment,  all  the  other  ends  being  joined  together. 
The  commutator  has  three  segments,  each  covering  nearly 
e-third  the  circumference,  the  balance  being  made  up  by 
e  air  spaces  that  separate  the  segments. 
Two  positive  and  two  negative  brushes  are  used,  those  of 
ach  pair  resting  on  the  commutator  at  two  points  at  a  dis- 
tance apart  equal  to  one-half  a  commutator  segment,  that 
^  nearly  one-sixth  the  circumference,  when  the  machine  is 
giving  its  greatest  E,  M.  F, 
SO.     A  diagram  of  the  connections,  etc.  of  the   drum- 
'ound  armature  is  shown  in  Fig.  7.     A  A',  B  B' ,  and  CC 
i  the  three  coils  wound  on  the  core  one-third  the  gircum- 
■ence  apart.     One  end  of  each  of  the  coils  is  joined  to  a 
.1  ring  (not  represented  in  the  figure)  on  the  back  of  the 
nature,  which  forms  a  common  connection  for  the  three. 


B  Other  ends  are  joined  to  the  commutator  segments,  that 
fAA'to  segment  a,  that  of  B  B'  to  segment  b,  and  that  of 

"*  to  segment  c,  as  represented ;  1  and  S  are  the  negati 
aid  3  and  4   the  positive,  brushes.     Brushes  S  and  i.  are 

lally  called  the  primary  brushes  and  1  and  S  the  secondary 
trusbes,  to  distinguish  them. 


J 
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From  the  diagram,  Fig.  7,  it  will  be  seen  that  coil  A  A\ 
though  half  way  between  the  pole  pieces,  is  partly  active, 
since  the  neutral  line  is  shifted  forwards  by  armature  reac- 
tion, as  indicated  by  the  line  xf.  This  coil  A  A'  is  con- 
nected in  parallel  with  coil  7S  B'  by  the  two  positive  brushes, 
and  the  two  are  in  series  with  coil  CC  If  the  armature 
be  considered  as  moving  in  the  direction  indicated  by  the 
arrow,  it  will  be  seen  that  as  coil  A  A'  gets  to  the  position 
of  least  action,  it  is  disconnected  from  the  circuit  by  seg- 
ment a  passing  from  under  brush  3^  leaving  coil  B  B'  and 
coil  C  C  in  series.  However,  as  the  distance  between 
brush  3  and  brush  2  is  only  slightly  greater  than  the  span 
of  one  segment,  coil  A  A'  is  almost  immediately  connected  in 
parallel  with  coil  C  C\  as  segment  a  passes  under  brush  ^, 
making  the  following  combination:  Coil  B B'  in  series  with 
coils  A  A'  and  C C  in  parallel. 

As  the  rotation  of  the  armature  continues,  coil  C  C  is 
disconnected  from  the  negative  brush  1  and  connected  to 
the  positive  brush  4,  being  thus  thrown  in  parallel  with 
coil  B B\  the  two  being  then  in  series  with  coil  A  A', 

Completing  the  half  revolution,  coil  B  B'  is  disconnected 
from  the  positive  brush  3  and  is  joined  in  parallel  with 
coil  A  A'  by  the  two  negative  brushes  1  and  2,  leaving 
coil  C  C  connected  to  the  positive  brushes. 

Further  rotation  of  the  armature  repeats  this  series  of 
connections;  that  is,  during  every  half  revolution,  one  of 
the  coils  (A  A'  in  the  preceding  paragraphs)  is  first  in  par- 
allel with  the  coil  bcJiind  it,  then  momentarily  disconnected 
from  the  circuit,  then  connected  in  parallel  with  the  coil 
ahead  of  it,  then  connected  in  series  with  the  other  two, 
which  are  then  in  parallel. 

From  the  diagram,  Fig.  7,  it  will  be  seen  that  when  a  coil 
is  disconnected  from  one  set  of  brushes,  it  is  very  nearly  in 
the  i)<)sition  of  least  action,  and  the  coil  with  which  it  wat; 
just  before  connected  in  parallel  has  the  higher  E.  M.  F.  of 
the  two.  As  has  been  explained,  the  self-induction  of  the 
coil  prevents  the  higher  E.  M.  F.  of  the  other  sending  a 
current  through  it  in  opposition  to  its  own  E.  M.  F.  at  the 
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when  ihey  are  connected  in  parallel;  in  fad.  when  the 
|t>il  is  disconnected  from  its  mate,  it  is  still  supplying  some 
f  the  current,  so  that  there  is  a  spark  at  the  brushes. 


'4i.    The  regulation  of  this  machine  is  effected  by  vary- 

tag  the  distance  between  the  two  brushes  of  each  set,  the 

primary  brush  being  moved  back  and  the  secondary  ahead. 

"This    movement    of    the    brushes    decreases    the    distance 

between  the  primary  brush  of  one  set  and  the  secondary  of 

the  other.     Now,  as  when  in  the  position  shown  in  Fig.  7, 

his  distance  is  only  slightly  greater  then  the  span  of  one 

iOmmutator  segment,  it  is  evident  that  lessening  this  dis- 

i  will  allow  of  one  segment  being  under  do//i  one  of  the 

>sitive  and  one  of  the  negative  brushes  during  a  part  of  a 

revolution,  which  s/iorf-ciniii/s   the  armature,  reducing  the 

hliffcrence  of  potential  between  the  brushes  (momentarily) 

}  zero. 

,  As  the  field  magnets  are  in  series  with  the  armature,  their 

:at  self-induction  prevents  the  strength  of   the  current 

tailing  to  zero,  its  fluctuations   being  comparatively  small. 

I&t  the  same  time,  the  self-induction  of  the  armature  coils 

prevents  any  excessive  flow  of  current  from  one  to  the  other 

through  this  short  circuit;  for,  there  being  two  places  where 

the  short  circuit  occurs,  i.  e.,   between   brushes   1   and   4 

and  2  and  3,  and  there  being  three  commutator  segments, 

t  is  evident  that  six  short  circuits  occur  during  every  revo- 

Hltion,  and  if  the  armature  is  revolving  at  850  revolutions 

tcr  minute,  there  are  0X850  =  5,100  short  circuits  every 

pjnute,  so  thai  each  lasts  only  an  extremely  short  time. 

I  As  the  distance  between  the  brushes  of  a  set  is  increased, 

ich  short  circuit  is  kept  up  for  a  slightly  longer  time.     It 

bill  be  seen  that  this  momentary  reduction  of  the  difference 

f  potential  between  the  brushes  to  zero  reduces  its  effect  in 

mding  a  current  through  the  circuit,  although  its  maximum 

|]ue  is  not  much  reduced;   so  that  by  shifting  the  brushes 

t  the  proper  time,  the  current  in  the  external  circuit  can  be 

Eepl   at   a  constant  strength,  in  spite  of  variations  in  the 

Sternal  resistance. 
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This  shifting  of  the  brushes  is  done  automatically  by  the 
following  apparatus:  The  primary  and  secondary  brushes 
are  mounted  on  separate  rocker-arms,  which  are  connected 
together  by  a  system  of  levers,  so  that  when  the  primary 
brushes  are  shifted  back,  the  secondary  are  moved  ahead. 
The  amount  of  movement  of  the  secondary  brushes  is  very 
little,  being  for  the  purpose  of  following  the  line  of  maxi- 
mum action,  which  moves  ahead  slightly  at  light  loads  (low 
E.  M.  F.).  A  large  magnet  attached  to  the  frame  of  the 
machine  has  attached  to  its  keeper  a  lever,  which  is  con- 
nected to  the  rocker-arm  that  carries  the  primary  brushes, 
so  that  when  the  keeper  of  the  magnet  is  pulled  up,  the 
primary  brushes  are  shifted  back  and  the  secondary  ahead, 
thus  reducing  the  effective  difference  of  potential  between 
the  brushes,  as  explained.  The  current  for  operating  this 
regulating  magnet  is  supplied  by  the  main  current,  but  it  is 
not  continually  in  circuit,  being  cut  in  or  out,  as  occasion 
requires,  by  a  controlling  magnet  that  is  placed  on  the  wall 
of  the  room  at  some  convenient  place. 

33.  Fig.  8  is  a  diagram  of  the  connections  used  in  this 
apparatus.  R  represents  the  regulating  magnet  and  A'  its 
keeper,  which  is  connected  to  the  rocker-arms  by  a  lever 
(not  shown),  as  described.  C\  C  represent  the  coils  of  the 
controlling  magnet,  which  are  stationary,  and  D^  D  rep- 
resent the  cores  of  this  magnet,  which  are  movable.  Their 
weight  is  partly  counterbalanced  by  the  spring  jr,  the  tension 
of  which  is  adjusted  by  means  of  the  nuts  at  A'.  Attached 
to  these  cores  is  a  contact  point,  which  touches  a  stationary 
contact  piece  at  B.  The  connections  being  as  represented, 
-f  being  the  positive  terminal  of  the  dynamo,  it  is  evident 
that  when  the  two  contact  points  at  B  are  touching,  the 
regulating  magnet  A'  is  short-circuited,  the  current  flow- 
ing from  +  to  /%  thence  to  P\  thence  through  the  contact 
points  at  B  to  /^,  thence  through  coils  L\  C  to  P\  and 
out  to  the  line.  Now,  if  this  current  exceeds  a  certain 
strength,  the  pull  of  the  coils  L\  C o\\  the  cores  />,  D  becomes 
sufBcient  to  raise   them,  breaking  the   contact  at  />.      This 
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I'forces  the  current  around  from  /"  thrmigh  the  regulating 
I  magnet  R  to  /*  thence  to  P\  where  it  passes  out  to  the  line 
s  before.  The  regulating  magnet  then  attracts  and  pulls 
I  Up  its  keeper  A",  which  in  moving  shifts  the  brushes  and 
(reduces  the  current  as  described. 

When  the  current  is  reduced  to  its  normal  value,  the  cores 

f  of  the  controlling  magnet  descend,   and  contact  is  made 

at  B,  which  short-circuits 

the  regulating  magnet  and 

allows  its  keeper  to  drop. 

LThis    shifts    the    brushes 

lagain  so  as  to  increase  the 

Icurrent,      This    action     is 

■  liept  up,  so  that  the  cores 

•  of  the  controlling  magnet 

land    the    brushes  of   the 

ichine    are     continually 

Q  slight  motion.     In  order 

Kto  prevent  the  self-induc- 

ition  of  the  regulating  mag- 

ftnet  causing  a  serious  spark  P'"-  *■ 

fBt  Ji  when  the  contact  is  broken,  a  shunt  of  high  resistance 
9  permanently  connected  around  the  break  at  />',  as  repre- 
tented  at  r.     An   induced   E.  H.  F.  is  set  up  in  the  regu 
Slating  magnet  H  whenever  the  circuit  is  opened  at  B,  for  this 
luddenly  diverts  the  main  current  through  the  regulating 
lagnct,  whose  momentary  self-induction   opposes  the  cur- 
ITrent,  forcing  it  along   by   way   of  p',    /",  and  the  resist- 
ance r  to    the    line.      If  the  resistance  were  not  there,  the 
current  would  cross  the  air  gap  at  B,  making  a  destructive 
spark. 

The  space  between  the  ends  of  the  commutator  segments 
King  small,  some  device  is  necessary  to  prevent  the  spark 
lat  occurs  when  a  segment  passes  from  under  one  of  the 
secondary  brushes  continuing  to  pass  from  segment  to  seg- 
ment, for  that  would  permanently  short-circuit  the  machine. 
This  device  consists  of  a  small  rotary  blower,  which  is  situ- 
[pted  between  the  comuuitator  and  the  bearing.  This 
J.   JJ.-^ 


r This  devic 

^^^Kated    betw 
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blower  is  so  arranged  as  to  deliver  a  puff  of  air  right  at  the 
end  of  the  secondary  brushes  at  the  moment  that  the  spark 
occurs,  so  that  it  is  immediately  broken  and  does  no  damage. 
The  adjustment  of  the  commutator,  brushes,  air  blast, 
etc.  of  this  machine  requires  considerable  attention  in 
order  that  the  machine  should  run  well.  The  manufactur- 
ers supply  printed  matter  with  each  machine,  giving  full 
particulars  of  these  operations,  hence  they  need  not  be  taken 
up  here. 


THE     OUTPUT    OF    CONST  ANT-CURRBNT 

DYNAMOS. 

33,  From  the  nature  of  the  output,  the  heat  losses  in 
constant-current  dynamos  are  practically  constant  at  all 
loads.  In  some  of  the  open-coil  machines,  the  local  currents 
that  circulate  in  the  coils  at  light  loads  may  be  of  greater 
strength  than  the  current  in  the  external  circuit,  so  that 
the  heating  of  the  armature  may  be  even  greater  at 
light  loads  than  at  full  load.  It  is  evident,  however,  that 
the  heating  is  not  the  factor  that  limits  the  load,  nor  is  the 
sparking,  since  the  machine  must  be  so  designed  that  the 
sparking  is  the  same  at  all  loads.  The  factor  of  the  load 
that  varies  is  the  E.  M.  F.,  so  that  when  this  has  reached 
its  highest  value,  any  further  increase  in  the  external  resist- 
ance can  only  reduce  the  current,  since  the  E.  M.  F.  cannot 
increase  farther.  The  maximum  E.  M.  F.  that  the  machine 
can  give  determines  then  the  limit  of  its  output. 

Constant-current  machines  may  be  rated  according  to  their 
output,  expressed  in  kilowatts  (1  kilowatt  being  1,000  watts), 
as  are  constant-potential  machines;  but  as  they  are  almost 
invariably  used  for  operating  arc  lamps,  they  are  usually 
rated  according  to  the  maximum  number  of  lamps  for 
which  they  can  supply  current.  The  strength  of  the  current 
most  used  is  from  1).5  to  10  amperes,  9.0  being  the  stand- 
ard adopted  by  many  manufacturers.  With  this  current, 
each  arc  lamp  requires  from  45  to  50  volts.  All  lamps 
being  connected  in  series,  this  makes  the  maximum  E.  M.  F. 
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,  for  example,  an  8l)-light  dynamo  80  X  50  =  4,000  volts. 

Machines  are  built  of  150  lights  capacity,  but  the  sizes  most 

generally  used  have  a  capacity  of   from  50  to   80   lights. 

When  enclosed  arc  lamps  are  used  a  current  of  ti.6  amperes 

s  common,  the  voltage  per  lamp  being  from  70  to  80  volts, 

Almiist  all   the  regulating   devices   used   are   practically 

Bjndependent  of   the  speed,  so  that  they  will  maintain  the 

■current  constant  when  the  speed  varies  somewhat,  if    the 

Variations  are  not  too  sudden.     Any  reduction  in  the  speed, 

lihowcver,  reduces  the  maximum  E.  Jl.  F,  and  output  that 

■can  be  obtained,  and,  conversely,  an  increase  in  the  speed 

will  increase  the  possible  output. 


IDIUECT-CURTIEXT     ELECTRIC     MOTORS. 


PRINCn'LES    OF    OPERATION. 

34r.     Electric   motors   designed   to   be  operated  by  con- 

s  current  were  in  use  before  the  dyiiamo  was  invented. 

Such  motors  were  operated  by  batteries,  and  usually  were 

tpiade  up  by  arranging  pieces  of  iron  so  that  they  would  be 

Successively  attracted  by  electromagnets,  and  thus  give  rise 

3  motion.     Several  styles  of  such  motors  were  made,  and 

although   they   operated   after   a   fashion,    they  ultimately 

woved  failures,  and  attempts  to  utilize  electricity  as  a  source 

Eof  mechanical  energy  by  this  means  proved  fruitless.     The 

ause  of  this  failure  was  twofold.     In  the  first  place,  bal- 

leries  proved   to  be  a  very  expensive  means  of  generating 

ihc  current  necessary,  and,  secondly,   motors  built  on  the 

lines  indicated  above  were  very  inefficient,  delivering  only  a 

■very  small  amount  of  power  at  the  pulley  compared  with 

Kthe   amount  of  power  supplied    to  them,      The  invention  of 

Jie  dynamo   afforded   a   cheap  and   convenient   means   of 

l^nerating  current,  so  that  after  its  invention  attention  was 

^ia  given  to  electric  motors.  Soon  after  the  invention  of  the 

Hynamo,  it  was  found  that  the  same  machine  that  operated 

s  a  dynamo  could  also  be  run  as  a  motor  if  it  were  fed  with 
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current  from  an  outside  circuit;  in  other  words,  that  the 
ordinary  continuous-current  dynamo  was  reversible  in  its 
action.  It  was  also  found  that  an  electric  motor  designed 
on  the  same  lines  as  the  dynamo  would  convert  electrical 
energy  into  mechanical  energy  quite  as  efficiently  as  the 
dynamo  would  perform  the  reverse  operation.  Direct- 
current  motors  came  into  rapid  use  for  transmitting  power, 
and  although  the  alternating-current  motor  is  beginning  to 
take  their  place  in  some  cases,  there  are  still  large  numbers 
of  them  used.  The  most  extended  use  of  direct-current 
motors  at  present  is  probably  in  connection  with  street  rail- 
ways, the  alternating  current  having  been  used  very  little 
for  this  purpose  as  yet. 


DYNAMOS    AND    MOTORS    COMPARED. 

26.  A  dynamo  may  be  defined  as  a  machine  for  the 
generation  of  an  electromotive  force  and  current  by  the 
motion  of  conductors  through  a  magnetic  field.  This  motion 
and  the  force  necessary  to  maintam  it  must  be  supplied  by 
a  steam  engine  or  other  source  of  power.  On  the  other 
hand,  a  motor  may  be  defined  as  a  machine  for  supplying 
mechanical  power  when  supplied  with  an  electric  current 
from  some  outside  source.  The  motion  and  the  force 
necessary  to  maintain  it  is,  in  this  case,  supplied  by  the 
reaction  between  the  current  flowing  in  a  set  of  conductors 
and  the  magnetic  field  in  which  the  conductors  are  placed. 

26.  As  far  as  the  electrical  features  of  a  continuous- 
current  motor  are  concerned,  they  are  almost  identical  with 
those  of  the  continuous-current  dynamo.  The  differences 
in  the  two  that  occur  in  practice  are  very  largely  differ- 
ences in  mechanical  details  that  are  necessary  to  adapt  the 
motor  to  the  special  work  that  it  must  do.  This  is  nota- 
bly the  case  with  street-railway  motors,  motors  used  in 
mining  and  hoisting  work,  etc.  The  class  of  work  that 
such  motors  have  to  perform  renders  it  necessary  that  they 
should  be  enclosed  as  much  as  possible.     No  matter  what 
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I  may  be  the  mechanical  design  of  such  moiiirs,  they  ;iU  con- 
sist i)f    the   same   essential  parts  as  the  dynamo,  namely, 
vSeld    magnet,  and    armature    with   its  commutator,  brush 
1  holders,  etc. 


ACTION    OF    MOTOR. 
27.     It  is  necessary  to  consider  carefully  the  forces  act- 
L  ing  in  a  motor,  in  order  to  understand  clearly  the  behavior 
I  of  different  kinds  of 
I  motors     when     oper- 
I  ated  under  given  con- 
Lditions.     In  order  to 
I  do  this,  we  will  con- 
I  &ider  the  force  acting 
r  on  a  conductor  that 
I  is  carrying  a  current 

!  a  magnetic  field. 


N  <  1" 


Snppi 
I.  resent  magnetic   lines   of  force 


L  the  field  will  not  be  distorted, 


kfor  the  wire  to  move. 
I  to  a  battery  so  that  a 
[■  current  flows,  say, 
I-  down  through  the 
I  paper,  this  current 
(will  tend  tn  set  up 
iJines  of  force  anmnd 
I  the  wire,  as  shown  by 
Pihe  dotted  circles  in 
Fig.  10.      It    will  be 


If  the  ends  of  the 


the  arrows,  Fig.  '.>,  rep- 
wing  between  the  pole 
faces  of  the  magnet 
JV  S,  and  let  a  rep- 
resent the  cross-sec- 
tion of  a  wire  lying 
at  right  angles  to  the 
lines.  So  long  as 
no  current  flows 
through  the  wire, 
d  there  will  be  no  tendency 


e  are  connected 
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the  original  field  below  the  wire  and  make  it  more  dense 
above  the  wire.  The  resultant  effect  is  that  the  field  is 
distorted,  as  shown  in  Fig.  11,  and  the  lines  of  force  from 
-A^  to  S  that  tend  to  straighten  themselves  out  force  the  wire 
downwards. 

28.  The  action  described  in  the  simple  case  just  given 
is  essentially  that  which  takes  place  in  an  electric  motor. 
The  magnetic  field  is  supplied  by  the  field  magnet, 
which  is  excited  by  means  of  current  taken  from  the  mains 
to  which  the  motor  is  connected.  Current  from  the  line  is 
led  into  the  armature  windings  by  means  of  the  commutator 
and  brushes,  and  this  armature  current  reacts  on  the  field, 
thus  driving  the  armature  around.  The  commutator  keeps 
the  relation  between  the  current  in  the  conductors  and  the 
field  such  that  the  twisting  force,  or  torque^  acting  on  the 
armature  is  continuous,  and  a  uniform  rotary  motion  is  the 
result.  The  effort  exerted  by  the  reaction  between  the 
field  and  the  current  in  each  individual  conductor  may  be 
quite  small ;  but  it  must  be  remembered  that  the  armature 
is  usually  provided  with  a  large  number  of  conductors,  so 
that  the  total  resulting  torque  may  be  quite  large. 

29.  By  referring  to  Fig.  11,  it  will  be  seen  that  in  a 
motor  the  conductors  are  forced  across  the  field  by  the 
reaction  of  the  armature  current  on  the  field.  That  is, 
tJic  force  exerted  by  the  magnetic  field  on  the  armature  con- 
ductors of  a  motor  is  in  the  same  directiojt  as  the  motion  of 
the  armature.  This  force  is  used  for  doing  mechanical 
work.  Compare  this  with  the  action  of  a  dynamo.  The 
dynamo  armature  is  driven  by  means  of  a  steam  engine  or 
other  source  of  power,  and  the  armature  conductors  are 
made  to  cut  across  the  magnetic  field,  this  motion  causing 
the  generation  of  an  E.  M.  F.  When  the  outside  circuit  is 
closed,  so  that  current  flows  through  the  armature  con- 
ductors, this  current  reacts  on  the  field  in  such  a  way  as  to 
oppose  the  motion  of  the  armature.  The  more  current  the 
dynamo  supplies,  the  greater  is  this  opposing  torque  action 
between  armature  and  field   and  the  more  work  must  the 
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im  engine  do  lo  keep  the  dynamo  operating.  In  the 
e  of  a  motor,  the  greater  the  load  applied  to  the  pulley, 
I  the  greater  must  be  the  torque  action  between  the  armature 
I  and  field  to  keep  up  the  motion,  and  the  greater  the  amount 
I  of  current  that  must  be  supplied  from  the  line.  It  is  thus 
1  seen  tliat  as  regards  the  torque  action  between  the  armature 
I  and  field,  the  motor  is  just  the  opposite  of  the  dynamo,  the 
rforce  action  in  the  former  case  being  wilh  the  direction  of 
I  motion  and  in  the  latter  case  against  it. 


COUNTER  E.  M.  F.  OF  MOTOR. 

30.     It  was  shown,  in  connection  with  the  study  of  the 

I  theory  of  the  dynamo,  that   whenever  a  conductor  is  moved 

Vm  a  magnetic  field  so  as  to  cut  lines  of  force,  an  E.  M.  F.  is 

kinduced  in   the  conductor.      In  the  case  of  a  dynamo,  an 

J  E.  M.  F.  is  generated  in  this  way,  and  this  E.  M.  F.  is  made 

I  use  of  to  set  up  currents  in  outside  circuits.     In  other  words, 

I  the  E.  M.  F.  is  the  cause  of  the  flow  of  current,  and  conse- 

Iquently  the  E,  M.  P.  is  in  the  same  direction  as  the  current. 

In  a  motor  we  have  all  the  conditions  necessary  for  the 

I  generation  of  an  E.  M.  F.  in  the  armature;  that  is,  wc  have 

I  an  armature  revolving  in  a  magnetic   field  and  conductors 

I  cutting  across  lines  of  force.     It  is  true  that,  in  the  case  of  a 

'  motor,  the  armature  is  not  driven  by  a  belt  as  in  the  case  of 

a  dynamo,  but  is  driven  around  by  the  force  action  between 

the  field  and  armature.     This,  however,  makes  no  difference 

as  far  as  the  generation  of  an  E.  M.  F.  is  concerned. 

When  a  motor  is  in  operation,  there  must  be  an  E.  M.  F. 
^generated  in  its  armature,  and  for  the  present  we  will  term 
lit  the  motor  K.  M.  F.  Take  the  simple  case  shown  in 
I'Fig.  11 — as  the  conductor  is  forced  down,  it  will  pass  across 
Rthe  magnetic  field  and  an  E.  M,  F,  will  be  induced  in  it. 
■  Also,  by  applying  the  rule  for  determining  the  direction  of 
rthe  induced  E.  M.  F.,  we  see  that  it  must  be  directed 
Kupwards,  that  is,  towards  us  along  the  conductor  (thedirec- 
pfion  of  motion  being  down  and  the  direction  of  the  field 
Urom  left  to  right).     The  current  flowing  in  the  conductor  is 
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flowing  from  us,  or  is  being  opposed  by  the  motor  E.  M.  F. 
We  may  state,  then : 

In  an  electric  motor,  the  E.  M.  F.  generated  in  the  arma- 
ture is  opposed  to  the  current  that  is  flowing  through  the 
armature.  Owing  to  the  fact  that  the  motor  E.  M.  F.  is 
opposed  to  the  current,  it  is  commonly  spoken  of  as  the 
counter  E.  M.  F.  of  the  motor.  It  is  important  that  the 
student  should  clearly  understand  the  generation  of  this 
counter  E.  M.  F.  and  its  relation  to  the  current.  As 
regards  the  generation  of  E.  M.  F.,  the  motor  is  the  oppo- 
site of  the  dynamo,  as  in  the  latter  case  the  E.  M.  F.  is 
always  in  the  same  direction  as  the  current. 

31.  In  order  that  a  current  may  be  sent  through  the 
armature  of  a  motor,  the  E.  M.  F.  of  the  dynamo  supplying 

the  current  must  be  greater 
than  that  of  the  motor. 
Suppose  a  dynamo  A , 
Fig.  12,  is  supplying  cur- 
rent to  the  motor  B.  Let  E 
be  the  E.  M.  F.  maintained 
between  the  mains  by  the 
dynamo  A.  We  will  sup- 
pose E  to  be  kept  constant 
independent  of  the  current 
delivered.  The  motor 
when  running  will  generate 
a  certain  counter  E.  M.  F. 
which  we  will  call  E^. 
Part  of  the  line  pressure 
will  be  used  in  overcoming 
the  counter  E.  M.  F.  E^  of 
the  motor  and  the  remain- 
der in  overcoming  the 
resistance  of  the  armature. 
If  C  is  the  current  flowing  through  the  armature,  we  must 
have  the  relation 

Ji=R^  +  CR.„         (1.) 


Motor  ruid 


Fig.  12. 
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lurhrrc  R.,   is  the  resistance  of  the  armature.      This   must 

told  true  for  any  value  uf  the  current.     If  the  field  coil 

^Were  connected  in  series  with  the  armature  instead   of   in 

hunt  as  shown,  a  small  part  of  E  would  also  be  required 

Bto  overcome  the  resistance  of  the  field  winding. 

32,    It  is  evident  from  formula  1  that   if  the   current 

Bowing  is  very  small  (which  is  the  case  if  the  load  on  the 

Vtnotor  is  very  light),  the  counter  E.   M.   F.   E„  is   nearly 

vBqual  to  the   E.  M.  F.  E  maintained  between  the  lines  by 

■  the  dynamo.     If  /■  and  Ji„  were  exactly  equal,  no  current 

J'lrould  flow  in  the  circuit.     In  practice,   E^  never  becomes 

I'quite  equal  li>  E,  because  it  always  takes  a  small  amount  of 

current  to  run  a  motor  even  if  no  load  is  applied  to  the  pul- 

Bley.     There  is  always,  therefore,  a  slight  amount  of  the  line 

FpresBure  taken  up  in  overcoming  the  armature  resistance, 

and  £„  is  always  less  than  E,  as  shown  by  formula  1. 

Since  the  counter  E.  M.  F.  is  nearly  equal  to  the  applied 
E.  M.  F-,  it  is  only  necessary  for  it  to  vary  a  small  amount 
r^lo  vary  the  current  within  wide  limits.  For  example,  if  the 
(resistance  of  a  certain  armature  is  1  ohm  and  it  is  supplied 
rith  current  at  a  constant  [Mtential  of  250  volts,  then, 
irhen  a  current  of  10  amperes  is  flowing  through  it,  the  drop 
i  10  X  1  =  10  volts,  and  the  counter  E.  M.  F.  is  250  —  10 
=  340  volts.  Now,  if  the  current  is  reduced  to  I  ampere, 
phe  drop  is  1  X  1  =  1  volt,  and  the  counter  E.  M.  F.  is  250 
=  24»  volts;  that  is,  the  counter  E.  M.  F.  varies  only 
fli,  or  3,75  per  cent.,  while  the  current  varies  ^,  or  90  per 


TORQUE. 

As  already  stated,  the  reaction  between  the  currents 
\  the  armature  conductors  and  the  magnetic  field  produces 
k  twisting  action  which  is  called  the  toniiie.  This  torque 
may  he  present  whether  the  motor  is  runningur  not  because, 
(ven  if  the  armature  is  held  from  turning,  it  is  evident  that 
I  strong  twisting  effort  or  tendency  to  turn  may  still  be 
Exerted. 
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The  amount  of  the  torque — which  is  usually  expressed  in 
pound-feet,  that  is,  a  certain  number  of  pounds  acting  at  a 
radius  of  a  certain  number  (usually  1)  of  feet — depends 
on  (1)  the  strength  of  the  field;  (2)  the  number  of  con- 
ductors ;  (3)  their  mean  distance  from  the  axis  of  the  arma- 
ture ;  and  (4)  the  amperes  in  each  conductor.  In  an}''  given 
machine,  the  second  and  third  conditions  are  constant,  so 
that  the  torque  depends  on  the  strength  of  the  field  and  the 
current. 

34,  The  torque  of  a  motor  is  equal  to  the  number  of 
pounds  pull  exerted  at  the  circumference  of  the  pulley  or 
at  the  pitch  circle  of  the  gear  multiplied  by  the  radius  of  the 
pitch  circle  of  the  pulley  or  gear.  This  torque  is  the  same 
for  a  given  current,  whatever  may  be  the  speed.  But  for 
each  revolution  of  the  motor,  the  point  at  which  the  pull  is 
exerted  moves  through  a  certain  distance  (that  is,  once 
around  the  circumference  of  a  circle)  equal  to  3.1416  times 
the  diameter  of  the  circle,  or  to  2  X  3.1410  X  the  radius  of 
the  circle,  at  the  circumference  of  which  the  pull  is  consid- 
ered to  act. 

Each  revolution  of  the  motor,  then,  when  a  certain  torque 
is  exerted,  corresponds  to  a  certain  number  of  foot-pounds 
of  work  done. 

This  number  of  foot-pounds  will  be  the  same  for  a  given 
torque,  whatever  may  be  the  radius  of  the  circle  through 
which  the  point  of  application  of  the  pull  moves;  for,  if  a 
radius  be  taken  that  is  twice  as  long  as  another,  the  dis- 
tance moved  through  will  be  twice  as  great,  but  the  pull  in 
pounds  that  the  motor  is  capable  of  exerting  at  twice  the 
former  radius  will  be  only  half  as  much,  so  that  their  prod- 
uct remains  the  same.  For  the  sake  of  uniformity,  a  stand- 
ard radius  of  1  foot  is  used,  and  the  torque  is  expi'essed  in 
pounds  at  1  foot  radius. 

It  will  be  noticed  that  the  words  moment  and  torque  have 
the  same  meaning. 

The  foot-pounds  of  work  done  in  each  revolution  and 
the    number   of    revolutions  per   minute  being  known,  the 
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lot-pounds  o£  work  done  per  mimite.  and  from  ilial  the 
lorsepower,  may  be  found  by  the  following  formula: 

1  which  T  represents  the  pull  in  pounds  at  1  foot  radius, 
ihat  is,  the  torque ;  5  the  number  of  revolutions  per  minute ; 
ind  H,  P.  the  horsepower. 

Hence,  to  obtain  ihi:  horsepower  of  a  motor,  multiply 
r.  ms  by  ^,  tilts  product  by  ttu  torque  [expressed  in  pounds  at 
fool  radius),  and  this  product  by  the  number  of  revolutions 
r  minute  ;  divide  the  final  product  by  ASjmO.  An  alterna- 
'e  method  is  to  use  the  constant  .0001904.  and  multiply 
this  by  the  product  of  the  torque  and  speed  expressed  as 
above. 

I  If  the  H.  P.  and  ihe  torque  are  known,  the  number  of 
evolutions  per  minute  may  be  found  from  a  modification  of 
he  above  formula : 


33.000  H.  P.  _       H.  P.  ,„ 

'  ■i.-X.-A.  1416  r  ~  .0001904  /  "  ^'  '' 

,  Or,  if  the  H.  P.  and  the  number  of  revolutions  per  m 
B  known,  the  torque  may  be  found  from  the  formula 

-_  33.000  H.  P.  _       H.  P.  , 

2  X  3.141«5  ^.00019045"  *■    *' 


35.  Fig,  13  illustrates  a  method  of  measuring  iht-  torque 
[  a  motor  by  means  of  a  Prony  bmke. 
This  brake  consists  of  two  blocks  of  wood  B,  />'  made  to 
fit  the  surface  of  the  pulley  P.  These  two  blocks  bear 
—cm  the  pulley  on  opposite  sides,  as  represented,  and  their 
Wessure  on  the  pulley  is  regulated  by  means  of  the  thumb- 
Buts  N,  N  on  the  bolts  that  hold  the  two  parts  of  the 
trake  together. 

The  lower  of  the  two  blocks  of  wood  is  extended  in  both 
lircctions,  forming  on  the  one  side  an  arm  A  that  presses 
I  the  platform  of  a  set  of  scales  .S',  and  on  the  other  a 
lace  where  weights  W  may  be  placed  to  balance  the  weight 


jht       A 
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nf  the  arm  A.  A  spike,  nr  lagscrew,  C  should  lie  driven 
through  the  end  of  the  arm  ,-(  to  Iwttur  Iwate  the  point 
where  it  presses  on  the  scale  platform. 

if  the  pidley  P  is  revolved  in  the  direction  indicated  by 
the  arrow,  the  friction  of  the  brake  will  cause  it  to  tend  to 
rotate  with  the  pulley,  which  will  cause  the  spike  in  the  end 
of  the  arm  A  to  press  down  on  the  scale  platform,  and  the 
amount  of  this  pressure  may  be  weighed  by  the  scale  beam. 
The  producl  of  the  number  of  pounds  pressure  and  the 
horizontal  distance  R  between  the  point  C  and  the  center 


of  the  pulley  in  feet,  will  give  the  torque  in  poiind-ffct. 
Then,  if  the  number  of  revolutions  per  minute  of  the  motor 
is  counted,  the  horsepower  absorbed  by  the  friction  of  the 
brake,  that  is,  the  output  of  the  motor,  may  be  calculated 
by  formula  S.  If  at  the  same  time  the  amperes  input  and 
the  voltage  at  the  motor  terminals  are  measured,  their 
product  will  be  the  watts  input,  and  by  reducing  the  output 
and  the  input  to  the  same  units,  the  efficiency  may  be 
calculated  by  dividing  the  output  by  the  input. 

36,    The  following  example  shows  the  application  of  the 
above  rules  and  method  of  testing  motors: 
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EXAKPt-B. — A  Kiven  shunt-wound  motor  is  designed  for  iin  output 

(  10  H.  P.  and  to  be  run  on  a  constant- potential  circuit  i.f  230  vuUs. 

it-n  driving  a  certain  piece  of  machinery,  it  requires  an  input  (to 

Dth  field  and  armature)  of  35  amperes  at  380  volts.     It  is  desired  to 

I  the  actual   horsepower  required   to  drive  this  machinery.     The 

lotur  is  disconnected  from  its  load  and  a.  Prony  bralce  rigged  up  as 

)  in  Pig.  IS.     The  thumbnuts  arc  screwed  up  until  an  ammeter 

!  motor  circuit  indicates  that  35  amperes  are  flowing  through  the 

itor  circuit,  and  the  voltage  at  the  terminals  is  found  to  be  230  volts. 

T  these  conditions,  the  pressure  on  the  scale  platform  is  found  to 

B  24  pounds  and  the  speed  of  the  motor  800  revolutions  per  minute. 

e  horizontal  distance  between  the  center  of  the  shaft  and  the  point 

e  the  brake  arm  rests  on  the  scales  is  30  inches.     What  is  the  out- 

ml  of  the  motor  at  this  load  in  horsepower,  and  what  is  its  efficiency  ? 

Solution.— The  distance  /{.  Fig.  13.  being  BO  inches,  or  S(  feet,  and 

[be  pressure  on  the  scales  being  34  pounds,  the  torque  of  the  motor  is 

X  aj  =  Wl  pound-feet.     Substituting  this  value  for  T,  and  800  for  J>', 

1  formula  H,  gives 


H.  P. 


2x3.1416x00 

33,000 


(800 


Note.— As  the  instruments  used  are  liable  lo  slight  errors,  four 
Jgures  (other  than  the  zeros)  left  in  the  talculations  will  he  near 
ioough ;  if  the  lost  figure  dropped  is  equal  to  5  ur  more,  tht  latit  ligurc 
i|«// should  be  inti'cased  I. 

KOI  RIU1 

^Tv"  =  9-13113.  or  «.ia»  H,  P.  is  the  output  of  the  motor. 


The  input  is  35  X  330  =  8.0.W  watts.     Reducing  0.13»  H.  P.  lo  watts 
pves  B.139  X  746  =  6,817.1(84.  or  6,818  watts.     Then,  the  efficiency 


-  =  H4.7  per  c 


L  37.  The  loss  represented  by  the  difference  between 
^e  input  and  the  output  is  made  up  of  exactly  the  same  ele- 
lents  as  the  total  loss  in  dynamos;  that  is,  mechanical  fric- 
in,  core  loss,  field  loss,  and  armature  loss.  As  in  dynamos, 
E  armature  loss  and  field  loss  may  be  calculated  from  the 
nistance  of  the  armature  and  field  coils,  remembering^  that 
I  a  shunt  motor  the  arwu/t/rc  current  is  /fss  than  the  /c/a/ 
IpiiTent,  since  the  field  circuit  is  in  parallel  with  the  arma- 
The  core  loss  and  friction  taken  together  evidently 
iQttal  ihe  difference  between  the  total  loss  and  the  sum  of 
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the  armature  and  field  losses;  they  cannot  be  separated 
without  special  tests  being  made. 

In  a  shunt  motor,  the  field  loss,  core  loss,  and  friction  are 
all  practically  constant  at  all  loads,  since  the  speed  is  nearly 
constant.  This  being  the  case,  the  watts  required  to  run  the 
motor  without  any  external  load  whatever  is  a  measure  of 
these  losses  plus  a  certain  small  amount  of  armature  C*  R, 
which  may  be  calculated,  though  it  is  usually  small  enough  to 
be  neglected  without  much  error.  This  being  the  case,  the 
output  which  a  motor  will  give  at  any  given  input  will  be 
very  closely  equal  to  that  input  less  the  watts  required  to  run 
the  motor  free,  and  also  less  the  armature  C"  R  loss  at  the 
given  input;  from  this  the  efficiency  may  also  be  calculated. 
To  determine  the  efficiency  of  the  motor  at  any  load  within 
its  rated  capacity,  then,  it  is  only  necessary  to  carefully 
measure  its  input  at  no  load  (running  light  or  free),  and  to 
make  the  above  calculation.  This,  however,  will  give  no  idea 
of  its  performance  as  to  heating  and  sparking,  under  the  cal- 
culated load,  so  that  the  Prony-brake  test  is  more  satisfactory. 

For  example,  a  certain  shunt-wound  motor  requires  a  cur- 
rent of  1.2  amperes  at  500  volts  when  running  free,  i.  e., 
without  external  load.  Its  armature  resistance  is  2.4  ohms 
and  its  field  resistance  is  834  ohms.  Its  field  current  is 
then  IJJ  =  .5995  ampere,  or,  say,  .0  ampere.  Its  armature 
current  is  then  1.2  —  .0  =  .(>  ampere,  and  its  armature  loss 
only  .(3  X  .0  X  2.4  =  .804  watt,  which  may  be  neglected. 

The  input  amounts  to  1.2  X  500  =  000  watts,  of  which  the 
field  loss  is  .(3  X  500  =  :300  watts. 

If  the  efficiency  when  taking  10  amperes  at  500  volts  is 
wanted,  it  may  be  found  from  the  above  figures,  as  follows: 
Total  input,  10  X  500  =  5,000  watts.  Field  loss  and  core 
loss  and  friction  combined  amount  to  000  watts,  as  found 
above.  The  armature  loss  amounts  to  9.4  X  9.4  X  2.4 
=  212.00,  or,  say,  212  watts.  The  total  loss  is  then  GOO  +  212 
=  812  watts,  so  that  the  output  is  5,000  —  812  =  4,188  watts 
and  the  efficiency  (/i)  =  \lll  —  .8)37,  or  8:3.7  per  cent.  In  a 
similar  manner  the  efficiency  at  any  other  input,  or  the 
input  required  for  any  given  output,  may  be  found. 
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The  input,  and  consequently  the  output,  of  cnnstant- 
Ppotential  motors  is  limited  by  the  same  factors  that  limit  the 
■  output  of  dynamos,  namely,  heating  and  sparking. 

In  motors,  as  the  direction  of  the  current  for  the  same 
jdireciion  of  the  lines  of  force  of  the  field  and  of  rotation  is 
jM^psi/rlo  that  in  a  dynamo,  the  armature  reaction  shifts 
Bthe  neutral  space  in  the  opposite  direction,  that  is,  backwards, 
\/igainst  the  direction  of  rotation.  Consequently  the  brushes 
<r»f  a  motor  must  be  shifted  backwards  as  the  load  increases. 


CLASaES  OF  MOTOKS. 
Continuous-current  motors,  like  dynamos,  are  gen- 
lerally  classed  according  to  the  methods  adopted  for  exciting 
kthe  field  magnets.    This  naturally  divides  continuous-current 
{motors  into  the  following  classes; 

(1)  Shunt-wound;    (2)    series-wound ;    (3)    compound,    or 
r  differentially  and  accumulatively,  wound. 

Motors  may  also  be  operated  with  separately  excited  fields, 

but  this  is  seldom  done  in  practice.     By  far  the  larger  part 

of  the  motors  in  use   belong   to   the  first  two  classes,  the 

L'^hird  class  being   used  only   to   a   limited  extent.     DiSer- 

intially  wound  motors  are  used   in  some  cases  where  very 

jictose  speed  regulation  is  required,  and  motors  with  a  com- 

Irination   of   series  and   shunt  windings  are  used   to   some 

ixtent  for   the  operation   of   electric   vehicles.     Nearly  all 

■motors  are  operated  on  coitstantpott-ntial circuits,  the  voltage 

icross  the  terminals  being  maintained  constant  or  nearly  so 

Jby  the  dynamo  supplying  the  system  and  the  current  taken 

[by  the  motor  varying  with  the  load.      In  a  few  cases  motors 

«re  operated  on  cottslantcurrent  arc-light  circuits,  but  their 

;  is  very  limited.     In  this  case  the  current  through  the 

motor  remains  constant,  and  the  voltage  across  its  termi- 

iils  increases  with  the  load. 

Shunt  motors  are  u.sed  to  drive  machinery  that  requires 

I  nearly  constant  speed  with  varying  loads  or  that  would 

Jlw  damaged  if  the  speed  should  become  excessive,  such  as 
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ordinary  machinery  in  shops  and  factories,  pumps,  etc. 
Series-wound  motors  are  used  on  street  cars,  to  operate 
hoists,  etc.,  where  the  torque  required  at  starting  and  get- 
ting quickly  up  to  speed  is  much  greater  than  the  normal 
amount  and  where  large  variations  in  speed  are  desired. 


SirUNT-WOUND  MOTORS. 

39.  Outside  of  railway  work,  the  shunt  motor  is  more 
largely  used  than  any  other  type  because  of  the  valuable 
speed-regulating  qualities  that  render  it  well  adapted  for 
the  operation  of  all  kinds  of  machinery.  The  shunt-wound 
motor  is  identical,  so  far  as  its  electrical  construction  is  con- 
cerned, with  the  shunt-wound  dynamo. 
These  motors  are  operated  on  con- 
stant-potential systems,  the  motor 
5  being  connected  directly  across  the 
mains  when  running,  as  shown  in 
Fig.  14,  where  A  is  the  armature 
and  F  is  the  field.  If  E,  the  E.  M.  F. 
between  the  mains,  is  maintained  con- 
stant, the  current  flowing  through  the 
shunt  field  will  be  constant.  The  field 
coils  will,  therefore,  supply  the  same 
magnetizing  force,  no  matter  what  current  the  armature 
may  be  taking  from  the  mains.  The  strength  of  field  would 
be  practically  constant  if  there  were  no  demagnetizing 
action  of  the  armature.  Take  the  case  where  the  motor  is 
running  free  and  -the  only  load  that  the  armature  currents 
have  to  overcome  is  the  friction  and  other  losses  within 
the  armature.  The  amount  of  energy  that  the  motor  will 
take  from  the  line  will  just  be  sufficient  to  counterbalance 
these  losses,  and  the  armature  will  run  up  to  a  speed  such 
that  the  counter  E.  M.  F.  will  allow  just  sufficient  cur- 
rent to  flow  to  supply  this  loss  of  energy.  Since  this  cur- 
rent is  very  small  in  a  good  motor,  the  counter 'E.  M.  F. 
when  the  motor  is  running  light  is  very  nearly  equal  to  the 
line  E.  M.  F.  £. 
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40.  Action  or  Sliuiit  Motor. — When  a  load  is  applied, 
iie  motor  must  take  sufficient  current  to  enable  the  arma- 
e  to  produce  a  torque  sufficient  to  carry  the  load.  In 
er  to  allnw  this  current  to  flow,  the  counter  E.  M.  F. 
■must  be  lowered  slightly,  and  as  the  field  is  nearly  constant, 
Kthis  means  a  slight  lowering  of  speed,  because  the  coun- 
■ter  E.  M.  F.  E„  for  a  two-pole  motor  is  given  by  the 
■itx  press!  on 
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irhere  ..Vis  the  total  number  of  lines  of  force  threading  the 
Armature,  S  the  number  of  conductors  in  series  between  the 
brushes,  and  n  the  speed  in  revolutions  per  second.  5 
N  are  practically  fi.ted.  At  the  same  time  it  must 
be  remembered  that  the  armature  reaction  will  make  N 
slightly  less  when  the  motor  is  loaded  than  when  it  is  not 
-loaded,  and  this  weakening  of  the  field  tends  to  keep  up  the 
Wpced.  The  net  result  is,  therefore,  that  a  shunt-wound 
motor  operated  on  a  constant-potential  circuit  falls  off 
idightly  in  speed  as  the  load  is  applied,  but  if  the  motor  is 
well  designed  and  has  a  low-resislance  armature,  the  failing 
h>ff  in  speed  fnim  no  load  to  full  load  will  be  very  small.  It 
B  this  speed -regulating  feature  that  makes  the  shunt-wound 
tnotor  so  widely  used.  If  the  toad  should  be  accidentally 
Jirown  off,  there  is  no  tendency  to  race,  and  the  motor 
lUtomatically  adjusts  itself  to  changes  in  load  without 
tsaterially  changing  its  speed  and  without  the  aid  of  any 
lechanical  regulating  devices. 

41,     Bi»ee<I  Rcftiilatlou. — The  speed  of  a  shunt-wound 

taotor  fed  from    constant-potential    mains    may    be    varied 

btber  by  cutting  down  the  applied  E.  M.  F.  ^or  by  chang- 

J  the  field  strength.      For  any  given  load  the  motor  has  to 

generate  a  certain  counter  E.  M.  F. 

'iNSn 


Solving  this  fur  n 
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It  follows  from  formula  6  that  if  the  field  strength  N  be 
decreased,  the  speed  ;/  will  be  increased,  the  line  E.  M.  F. 
remaining  the  same ;  also,  if  the  field  be  strengthened,  the 
speed  will  be  decreased.  This  simply  means  that  with  a 
strong  field  the  motor  does  not  have  to  run  as  fast  to  gen- 
erate a  given  counter  E.  M.  F.  as  it  would  if  the  field  were 
weak.  The  method  of  regulating  the  speed  of  a  shunt-wound 
motor  by  varying  its  field  strength  is  sometimes  used.  It  is 
the  most  efficient  method  for  regulating  speed,  as  it  only 
necessitates  cutting  down  the  small  field  current  by  means 
of  a  resistance.  The  method  described  in  the  next  article 
is,  however,  more  generally  used,  though  it  causes  a  much 
larger  waste  of  energy.  In  using  the  field  method  of  con- 
trol, care  must  be  taken  to  see  that  the  weakest  field  used 
will  allow  the  machine  to  operate  without  sparking. 

42.  The  speed  may  also  be  regulated  by  leaving  the 
field  at  its  full  strength  and  cutting  down  the  voltage  applied 
to  the  armature  by  inserting  an  adjustable  resistance  in 


Fig.  15. 


series  with  it.  The  connections  for  this  method  of  speed 
regulation  are  shown  in  Fig.  15,  the  adjustable  rheostat  A' 
being  connected  in  scries  with  the  armature  A  and  the 
field  /'connected  directly  across  the  mains.     This  method  i$ 
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rather  wasteful  vf  energy,  but  it  is  the  imt  generally  used 
brhen  It  is  desired  to  control  the  speed  of  a  shunt-wound 
piachine.  If  a  shunt-wound  motor  be  overloaded  or  stalled 
I  any  way,  the  current  becomes  excessive,  and  the  arma- 
Mre  is  burned  out,  unless  it  is  protected  by  fuses  (pieces  of 
loft  fusible  metal  that  melt  when  the  current  becomes 
acessive)  or  other  safety  device.  Care  should  also  be 
laken  never  to  open  the  field  circuit  of  such  a  machine  while 
s  armature  is  connected  to  the  circuit.  If  the  field  circuit 
B  opened,  the  machine  is  unable  to  generate  any  counter 
.  M.  F.,  and  the  consequence  is  a  large  rush  of  current 
Iirouyh  the  armature,  which  is  at  least  apt  to  burn  the 
»mmutator,  and  if  not  interrupted  by  means  of  fuses  will 
a  short  time  bum  out  the  armature.  It  is  now  considered 
WSt  practice  to  install  a  circuit-breaker  in  preference  to 
s  for  the  protection  of  a  motor,  especially  if  the  motor  is 
fef  large  size.     In  some  cases  both  fuses  and  circuit-breaker 

The  speed  may  also  be  regulated  by  varying  the  E.  M,  P. 

of  the  dynamo  that  supplies  the  motor.     This,  however,  can 

only  be  done  in  special  cases,   because  if  the  voltage  of  the 

dynamo  is  varied,  it  not  only  affects  the  motor  but  all  other 

l-dcvices  that  may  be  operated  from  the  same  dynamo. 


SKRIES-TVOrNn  MOTORS. 

43,     These  motors  are  constructed  in  the  same  way  as 

s-wound  dynamos;  that  is,  the  fields  are  excited  bycon- 

pecting  the  field  coils  in  series  with  the  armature,  so  that 

I  the  current  that  the  motor  takes  from  the  mains  flows 

trough  the  field  windings.     The  most  extensive  use  of  these 

ttlotors  is  in  connection  with  street  railways,     They  are  also 

jcci  to  some  extent  for  operating  hoists,  cranes,  and  other 

ichinery   of   this  class   that   requires   a    variable  speed. 

[kearly  all  series-wound  motors,  like  shunt-wound  motors, 

Ire  operated  on  constant-potential  circuits.     For  example. 
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the  pressure  of  a  street-railway  system  is  maintained  approx- 
imately constant  at  500  volts.  Crane  and  hoist  motors  are 
usually  operated  at  pressures  of  110,  220,  or  500  volts.  Series- 
wound  motors  are  operated  to  a  limited  extent  on  constant- 
current  arc-light  circuits,  but  the  number  so  operated  is 
insignificant  compared  with  those  operated  on  constant- 
potential  circuits. 

44.  Series- Wound  Motor  on  Constant-Potential  Cir- 
cuit.— Let  A,  Fig.  16,  represent  the  armature  of  a  series- 
wound  motor  connected  in  series  with  the  field  F  across  the 
mains,  as  shown.  The  pressure  between  the  mains  is  main- 
tained constant.  First,  we  will  consider  the  case  where  the 
motor  is  running  light.  Under  this  condition  of  load,  the 
motor  will  take  just  enough  energy  from  the  line  to  make 
up  for  the  losses  due  to  friction,  core  losses,  etc.  As  the 
armature  speeds  up,  the  counter  E.  M.  F.  increases  and  the 
current  rapidly  decreases.  Now  the  field  is  in  series  with 
the   armature,  so  that  as   the   current  decreases,  the  field 
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Fig.  10. 

strength  also  decreases  and  the  armature  has  to  run  still 
faster  to  generate  its  counter  E.  M.  F.,  which  at  no  load  is 
just  about  equal  to  the  E.  M.  F.  between  the  mains.  The 
current  necessary  to  supply  the  losses  is  usually  very  small 
if  the  motor  is  well  designed,  consequently  the  no-load  cur- 
rent is  very  small,  and  the  speed  necessary  to  generate  the 
counter  E.  M.  F.  becomes  excessively  high.  In  many  cases 
this   speed   might  be  high  enough  to  burst  the  armature. 
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n  account  of  this  tendency  lo  race,  it  is  not  safe  tn  throw 
I  the  load  completely  off  a  series-wound  motor  unless  there 
[  is  some  safety  device  for  automatically  cutting  off  the  cur- 
1  rent.  Of  course  in  street-railway  work  there  is  always  some 
load  on  the  motors,  so  that  no  injury  from  racing  is  liable 
\  to  result. 


45.  When  the  motor  is  loaded,  the  counter  E.  M.  F. 
\  decreasfts  slightly,  and  this  allows  more  current  to  flow, 
I  This  current  strengthens  the  field,  and  a  correspondingly 
I  Strong  torque  is  produced.  It  should  be  noted  here  that 
I  the  torque  of  a  series-wound  motor  depends  directly  on 
Ithe  current  that  is  flowing  through  It.  The  torque  is  pro- 
l.porlional  to  the  field  strength  and  the  current  in  the  arma- 
\  turc,  but  the  field  strength  In  a  series-wound  motor  depends 
I  on  the  current,  so  that  the  torque  depends  only  on  the 
[  current.  This  quality  renders  the  series-wound  motor 
I  valuable  for  street-railway  work,  as  a  strong  starting  torque 
I  can  be  produced  by  allowing  a  heavy  current  to  flow 
L  through  the  motor  while  the  car  is  being  started.  Since 
I  the  field  strength  of  a  series-wound  motor  increases  as  the 
I  load  is  applied,  it  follows  that  the  speed  will  decrease  with 
I  the  load  and  there  will  be  a  different  speed  for  each  load. 
I  This  variable  speed  renders  the  series-wound  motor  gcner- 
l-ally  unsuitable  for  stationary  work,  such  as  operating 
[■machinery,  etc.,  but  is  an  advantage  for  street-railway 
I  work  where  a  wide  range  of  speed  is  desired.  Series- wound 
L  motors  are  more  substantial  and  cheaper  to  build  than 
■  shunt-wound  motors,  on  account  of  the  fine  field  winding 
I- required  by  the  latter.  The  field  coils  of  series-wound 
I  motors  consist  of  a  comparatively  small  number  of  turns 
Irof  heavy  wire,  making  a  coil  that  is  less  liable  to  burn-outs 
l.than  the  fine-wire  shunt  coils  and  better  fitted  to  stand  the 
lliard  service  connected  with  all  street-railway  work. 

If  a  series-wound  motor  be  connected  across  the  mains, 
I' the  current  that  flows  must  pass  through  the  field  as  well 

1  through  the  armature,  thus  giving  a  good  field  foi 
I  armature    currents   to    react  on  and    produce  the  reqi 
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starting  torque.  When  a  shunt-wound  machine  is  used, 
the  field  must  first  be  connected  to  the  mains  and  the  cur- 
rent then  allowed  to  flow  through  the  armature.  If  this  is 
not  done,  the  current  will  all  flow  through  the  low-resistance 
armature  in  preference  to  the  high-resistance  field  when  the 
motor  is  first  connected,  and  a  very  small  starting  torque 
will  be  the  result. 

46.  Speed  Regulation. — The  speed  of  a  series-wound 
motor  may  be  regulated  either  by  varying  the  strength  of 
the  field  or  by  inserting  a  resistance  in  series  with  the  motor. 
The  field  strength  may  be  regulated  by  having  the  field 
coils  wound  in  a  number  of  sections  and  cutting  these  in 
or  out,  thus  varying  the  effective  number  of  turns. 
Another   method   is   to   shunt   the   fields  by  an  adjustable 
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Fig.  17. 


resistance,  thereby  varying  the  amount  of  current  that 
flows  through  the  series  coils.  Both  these  methods  have 
been  used  for  controlling  the  speed  of  street-car  motors. 
In  the  resistance  method  of  control,  an  adjustable  rheostat 
is  connected  directly  in  series  with  the  motor,  as  shown  in 
Fig.  17,  thus  cutting  down  the  E.  M.  F.  across  the  motor 
terminals.  This  method  has  also  been  used  quite  largely 
on  street  cars  and  also  for  crane  and  hoist  motors. 
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llIFFEItKXTlALI.Y    ^VOUND    MOTORS. 

47.    These  mutors  are  essentially  the  same  iti  construction 
as   the  compound- wound   dynamo,   except  that   the   series 
I  coils   arc    connected  so ^^ 


as  to  oppose  the  shunt 
coils  instead  of  aiding: 
them  as  in  ihe  dynamo. 
The  object  of  this  ar- 
rangement is  to  secure 
I  constant  speed  when  the 
voltage  of  the  dynamn 
supplying  the  motor  is 
constant.  The  series 
coils  decrease  the  field 
strength  slightly,  and 
by  thus  weakening  the  '"'  '" 

field  lower  the  counter  E.  M.  F.  sufficiently  without  decreas- 
ing the  speed.  These  motors  are  not  used  as  generally  now 
as  they  once  were,  because  it  is  found  that  a  well-designed 
<  shunt-wuund  motor  will  give  sufficiently  close  speed  regu- 
,  lation  for  all  practical  purposes.  Fig.  18  shows  the  con- 
'  nections  of  a  differentially  wound  motor,  the  coils  being 
I  intended  to  represent  windings  in  opposite  directions,  one 
L  right-hand,  the  other  left-hand. 


ACCTMPLATIVKLV    WOUND    MOTOBS. 

48.  When  a  motor  is  provided  with  a  compound  winding 
f  ftnd  the  series  coits  are  so  connected  that  they  iiid  the  shunt 
1  coils,  the  motor  is  said  to  be  accumuiattvcly  ivoumi.  This 
I  arrangement  is  sometimes  used  when  it  is  necessary  to  have 
1  the  constant-speed  advantage  of  the  shunt-wound  motor, 
I  and  at  the  same  time  have  the  strong  starting  torque  of  the 
\  ficricft-wound  motor.  Motors  of  this  kind  are  used  consider- 
I  ably  for  operating  printing  presses  or  other  work  when  the 
I  starting   friction   of   the  machine  is  large. 
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STAIITIN*;  nilEOSTATH. 
49.  When  motors  are  operated  on  constant-potential 
circuits,  it  is  necessary  to  insert  a  resistance  in  series  with 
the  armature  when  starting  the  motor.  Of  course,  in  the 
case  of  a  series-wound  motor,  this  starting  resistance  is  also 
in  series  with  the  field.  The  resistance  of  a  motor  armature 
is  very  small  in  any  type  of  motor,  and  in  the  case  of  a 
series-wound  motor  the  field  resistance  is  also  small,  so  that 
if  the  machine  were  connected  directly  across  the  circuit 
while  standing  still,  there  would  be  an  enormous  rush  of 
current,  because  the  motor  is  generating  no  counter  E.  M.  F. 
Take,  for  example,  a  shunt-wound  motor  of  which  the  arma- 
ture resistance  is  .1  ohm.  If  this  armature  were  connected 
across  a  1 10-volt  circuit  while  the  motor  was  at  a  standstill, 

1,100 


the  current  that  would  flow  momentarily  would  be 

amperes,  the  amount  being  limited  only  by  the  resistance  of 
the  armature.  In  the  case  of  a  series-wound  motor,  the 
rush  of  current  would  not  be  quite  as  bad,  as  the  field  wind- 
ing would  help  to  choke  back  the 
current,  but  in  either  case  it  is 
nci.'fssary  to  insert  a  resistance 
:i\i<\  grudually  cut  it  out  as  the 
motor  runs  up  to  speed  and  gen- 
unites  a  counter  E.  M.  F.  that  is 
able  to  regulate  the  current. 

50.     The  starting  rheostat,  or 
stiirtliiK  iHtx,  as  it  is  often  called, 
is  simply  a  resistance  divided  up 
into  a  number  of   sections  and 
'""  connected  to  a  switch,  by  means 

of  which  these  sections  can  be  cut  out  as  the  motor  comes  up  to 
speed.  When  the  motor  is  running  at  full  speed,  this  resist- 
ance is  completely  cut  out,  so  that  no  energy  is  lost  in  it. 
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Tig.    19  shows   a   simple  form  of   motor-startinj;  rheostat, 
i  the  resistance  wire  in  this  particular  type  being  bedded  in 
enamel  on  the  back  of  an  iron  plate,   while  the  ribs  r  on 
r  ihe  front  are  intended  to  present  additional  cooling  surface 
f  to  the  air.      Starting  rheostats  are  not  designed  to  carry 
1  current   continuously,  and  should  therefore   never  be  used 
I  for  regulating  the  speed  of  the  motor.     The  resistance  wire 
is  made  of  such  a  size  as  lo  be  capable  of  carrying  the  cur- 
rent  for   a  short  time  only,  and  if  the  current  is  left  on 
continuously  the  rheostat  will  be  burned  out.    The  handle  // 
i  of  the  rheostat  shown  is  provided  with  a  spiral  spring  s, 
i  tending   to   hold    it   against   the   stop   a,    which    makes   it 
impossible  to  leave  the  contact  arm  on  any  of  the  inter- 
mediate   points.     On  ^^^^^ 
i  the  last  point  a  clip  i 
I  is  placed  to  hold  the 
arm  of   the  rheostat. 


fflntNT-WOUNI* 

MOTOR 
COJJNBtTIONS, 

51.     The    method 

of  connecting  up  a 
L  shunt-wound  motor 
L  to  constant -potential 
5  is  shown  in 
I  Fig.  20.  The  lines 
j  leading  to  the  motor 
I  are  connected  to  thi- 
I  mains  through  a  fuse 
I  block  D.  from  which 
I  they  are  led  to  a 
|rdoublc-po|e  knife 
I  switch    /i.     One  end 

■of  the  shunt  field  F  is  connected  to  terminal  /  of  tho  motor, 
I  and  one  brush  is  also  connected  to  the  same  terminal.  The 
[  other  field  terminal  is  connected  to  the  motor  terminal  si. 
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and  the  other  brush  leads  to  the  third  terminal  S.  One  side 
of  the  main  switch  connects  to  terminal  1\  the  other  side 
connects  to  S  through  the  starting  rheostat  C.  Terminal  2 
connects  to  the  same  side  of  the  switch  as  the  starting 
rheostat.  It  will  be  seen  from  the  figure  that  as  soon  as 
the  main  switch  is  closed,  current  will  flow  through  the 
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field  F,  and  thus  magnetize  it  before  any  current  flows 
through  the  armature  .i  (the  first  contact  on  the  rheostat 
being  a  dead  point).  When  the  rheostat  arm  is  moved  over, 
current  flows  through  the  armature,  and  a  strong  starting 
effort  is  produced,  because  the  field  is  already  magnetized. 
The  handle  is  then  moved  over  slowly  and  left  on  the  last 
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point  when  ihe  motor  has  attained  its  full  speed.  If  the 
ntntor  is  at  all  Urge  or  if  there  is  liability  of  its  being  sub- 
nected  to  frequent  overloads,  it  is  preferable  to  use  a  circuil- 
^reakf^r  instead  uf  the  fuse  block  D.     Circuit-breakers  are 

more  reliable  and  less  troublesome  than  fuses. 


SKRreS-WOlTNI)   MOTiHt  rONVECTIONSi. 

5t{,    The  connections  for  a  series-wound  motor  are  shown 

pn   Fig.   21.     Connection  is  made  to  the  mains  through  a 

witch  and  fuse  block  as  before.     The   motor  connections 

are  somewhat  simpler  than  in  the  last  case,  one  terminal  of 

[the  armature  A  being  connected  at  a  to  one  terminal  of  the 

fficid,  c  and  <i  forming  the  two  terminals  of  the  motor.     The 

[starting    rheostat   C    is   simply   connected    in    series   with 

[the  armature,  as  shown.     When  a  current  flows  through  the 

irraature,  the  same  current  also  flows  through   the  field,  so 

^Ihat  there  is  always  a  magnetic  field  present  to  produce  the 

required  starting  torque.     On  account  of  the  field  winding 

acting  to  a  certain  extent  like  a  starting  resistance,  series- 

.  wound  motors  do  not  require  as  large  an  amount  of  resistance 

■in  the  starting  rheostat  as  shunt-wound  motors.     This  fea- 

"pure  is  of  value  in  street-railway  work,  as  it  permits  the  use 

Rof  a  less  bulky  starting  resistance  than  would  otherwise  be 

■  required. 


AUTOMATIC    SWITCHES. 

53,  When  the  simple  form  of  starting  box  is  used,  it  is 
Icccssary  to  see  that  the  handle  is  moved  back  to  the  off 
jstiion  every  time  that  the  motor  is  shut  down  or  the  current 
ut  off  in  any  way.  If  this  is  not  done  and  the  switch  is 
jjrown  in,  on  starting  up  again,  with  the  resistance  all  out 
f  the  circuit,  there  will  result  a  heavy  rush  of  current.  In 
trder  to  obviate  this,  motors  are  now  usually  provided 
batomatic  Ixixcs,  the  switch  lever  of   which  automatically 
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flies  to  the  off  position  when  the  current  is  shut  off.  They 
are  also  generally  provided  with  an  arrangement  for  throw- 
ing back  the  switch  lever,  and  thus  breaking  the  circuit, 
when  the  motor  is  overloaded.  Fig.  22  shows  the  arrange- 
ment of  an  automatic  box  of  this  type,  which  will  serve  to 
illustrate  the  action  of  most  of  these  automatic  starting 
rheostats.  The  resistance  is  connected  between  the  contact 
points,  as  shown,  the  arm  being  shown  in  the  running  position 


F 

Fio.  2a. 


with  the  resistance  all  cut  out.  The  contact  arm  is  moved 
over  aji^ainst  the  action  of  a  spiral  sprinj>^  in  the  hub  and  is 
held  in  position  by  a  catch  fi,  which  fits  into  a  notch  in  the 
hub  of  the  lever  /;.  This  lever  carries  an  armature  that  is 
held  down  aj^ainst  the  action  of  a  sprinj^  by  the  magnet  ;//. 
The  exciting  coil  of  this  niaj^nct,  in  the  case  of  a  shunt-wound 
machine,  is  connected  in  series  with  the  field;  in  the  case  of 
a  series-wound  machine,  it   is  wound  with  heavy  wire  and 
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lonnccted  in  series  with  the  motor.  If  the  current  is  cut 
:  in  any  way.  the  magnet  releases  the  armature  and  the 
witch  lever  flies  back  to  the  off  position. 

54.  Fig.  22  also  shows  a  device  for  protecting  the  motor 
;ainst  overlnads.  It  consists  of  an  electromagnet,  tho  coil 
f  which  is  connected  in  series  with  the  armature  A.  This 
lagnct  is  provided  with  a  movable  armature  ^,  the  dis- 
ijmce  of  which  from  the  pole  //  may  be  adjusted  by  a  screw. 
"hen  the  current  exceeds  the  allowable  amount,  the  arma- 
Mre  is  lifted,  thus  making  connection  between  the  pins  /,  /. 
■his  comiection  short-circuits  the  coil  of  the  magnet  in  and 
l)ie  lever  goes  to  the  oft  position. 


REGULATING  RHEOSTATS. 

05.     Rheostats  used  for  regulating  the  speed  tiy  being 

Fplaced  in  the  armature  circuit  must  be  designed  to  carry  the 

current  continuously  without  overheating.      These  rheostats 

must,  therefore,  be  made  much  larger  than  starting  boxes, 

which  carry  the  current  for  a  short  time  only.      Such  rheo- 

ats  were  used  largely  at  one  time  for  the  control  of  street 

,  but  have  now  been  displaced,  owing  lo  the  adoption  of 

lore  economical  methods.     All   regulating  rheostats,  start- 

5  boxes,  etc.  should  be  installed  in  connection  with  motors 

^  accordance  with  the  rules  of  the  Board  of  Fire   Under- 

riters.     This  also  applies  to  the  size  of  wire  that  should  be 

led  for  connecting  up  the  motors  and  the  installation  of 

B  motors  themselves. 


MKTllODS  nV  UKVKUSINCJ  MOTORS. 

.     It  is  necess.iry  for  some  kinds  of  work  lo  have  a 

r  so  arranged  that   its  direction   of   rotation    may  be 

idily  reversed.     This  is  especially  the  case  with  street-car 

lotors,  motors  for  electric  vehicles,  elc.     If   the   student 
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will  refer  to  Figs.  9,  10,  and  11,  he  will  readily  see  that  if 
the  direction  of  the  current  in  the  wire  a  be  reversed  while 
the  field  is  left  unchanged,  the  direction  of  motion  will  be 
reversed.  Also,  if  the  direction  of  the  current  in  the  wire 
is  left  unchanged  and  the  field  reversed,  the  direction  of 
motion  will  be  reversed.  If  both  current  and  field  be 
changed,  the  direction  of  motion  will  remain  unchanged.  It 
follows,  therefore,  that  if  we  wish  to  change  the  direction  of 
rotation  of  a  given  motor,  we  must  change  either  the  direc- 
tion of  the  current  through  the  armature  and  leave  the  field 
the  same,  or  change  the  direction  of  the  current  through  the 
field  and  leave  the  armature  current  the  same.  If  both  are 
changed  at  the  same  time,  the  direction  of  rotation  will  not 
be  altered. 


57.  A  shunt-wound  motor  may  be  easily  reversed  by 
reversing  its  field  connections.  Suppose  a  shunt-wound 
motor  to  be  connected  as  shown  in 
Fig.  23,  and  that  it  runs  in  the  direc- 
tion indicated  by  the  arrow.  The 
line  is  connected  to  terminals  1  and  S 
and  the  field  to  terminals  1  and  H 
when  the  motor  is  in  operation  and 
the  starting  resistance  cut  out.  It 
is  evident  that  reversing  the  line 
terminals  1  and  S  will  not  reverse  the 
motor,  because  the  current  will  be 
reversed  in  both  armature  and  field. 
If,  however,  the  field  connections  to 
1  and  'J  are  interchanged,  the  current 
will  be  reversed  through  the  field, 
while  it  will  remain  unchanged  in 
the  armature  and  the  direction  of 
rotation  will  be  reversed.  It  is  also 
evident  that  if  the  armature  termi- 
nals 1  and  ti  be  reversed  while  the  field  terminals  are  left 
attached  to  /  and  ~',  the  direction  of  rotation  will  be 
reversed. 
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fi8.    A  series- wound  motor  will  run  in  ihu  Siinic  direction, 
Iwo  matter  which  of  the  supply  lines  is  connected  to  its  ter- 

ninals  a.   b.   Fig.   24.     In  fact, 
Bsmall  series-wound  motors  may. 

■  H  constructed  properly  and  pro- 
I'Vided  with  laminated  fields,   be  |^ 

■  run    on    an    alternating-current 
Ecircuit.     Reversing  the  line  con- 

■  nections  simply  reverses  the  cur- 

■  rent  through  both  armature  and  field,  and  does  not,  Ihere- 
Bfore,  change  the  direction  of  rotation.  In  order  to  reverse 
R.tbe  motor,  either  the  armature  terminals  c,  d  must  be  inter- 
Lchanged,  so  as  to  reverse  the  current  through  the  armature 
lionly,  or  the  terminals  t/,  b  must  be  interchanged,  so  as  to 
rrcvcrse  the  current  through  the  field  only.  In  street-railway 
E-Worlc  the  mot<.rs  are  usually  reversed  by  reversing  the  cur- 
Irent   through   the  armature,  the  current  through  the  field 

ling  unaltered.     These  changes  are  made  by  means  of 
(the  reversing  switch  placed  in  the  car  controller.    All  motors 
that  arc  reversed  during  their  operation  should  be  provided 
with  radial  carbon  brushes. 

When  it  is  desired  to  reverse  a  motor  while  it  is  running, 

lit  is  very  necessary  to  insert  a  resistance  in  the  armature 

circuit  before  reversing  the  current  through   the  armature. 

|Et  must  be  remembered  that  the  counter  E.  M.  P.  that  the 

Stotor  was  generating  just  before  reversal  becomes  an  active 

p.  M.  F,  and  helps  to  make  the  current  flow  through  the 

^mature  as  soon  as  the  current  is  reversed,  and  this  action 

wntinues   until   the   motor  starts  to  turn  in  the  opposite 

Bdlrcction.     If,  for  example,  a  110-volt  motor  were  reversed 

I  while  running,  without  inserting  any  resistance,  the  effect 

would  be  the  same  as  if  the  motor  armature  were  connected 

directly  across  a2U-volt  mains,  because  the  whole  E.  M.  F. 

that  the  motor  was  previously  generating  would  be  effective 

a  aiding  the  line  E.  M.  F.     It  is  best,  therefore,  when  pos- 

,  to  let   the   motor  drop  considerably  in  speed,  or  even 

KiRiG  to  a  standstill,   before  reversing  it,   and  where  this 

mnnot  be  done  considerable  resistance  should  be  inserted. 
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69.  Reversing:  Switch. — Fig.  25  shows  the  connections 
of  one  form  of  reversing  switch.     Two  metal  bars  B  and  B^ 

are  pivoted  at  the  points  T  and 
T^ ;  one  is  extended  and  supplied 
with  a  handle  //,  and  the  two 
bars  are  joined  together  by  a  link 
L  of  some  insulating  material, 
such  as  fiber.  Three  contact 
pieces  a^  b,  and  c  are  arranged 
on  the  base  of  the  switch,  so 
that  the  free  ends  of  the  bars 
B  and  i>\  may  rest  either  on  a 
and  by  as  shown  by  the  full 
lines,  or  on  b  and  r,  as  shown 
Fio.  ia.  by  the  dotted  lines.     The  line 

is  connected  to  the  terminals  T  and  1\  and  the  motor 
armature  between  a  and  ^,  or  vice  vcrsa^  a  and  c  being  con- 
nected together. 

When  the  switch  is  in  the  position  shown  by  the  full  lines, 
T  is  connected  to  a  by  the  bar  i>,  and  T^  to  b  by  the  bar  B^. 
If  the  switch  is  thrown  by  means  of  the  handle  //  into  the 
position  indicated  by  the  dotted  lines,   T  is  connected  to  b 


w 


(6) 
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by  the  bar  />,  and  7\  to  a  by  the  bar  />,  and  the  connection 
between  c  and  ti.  The  direction  of  the  ( iirrent  through  the 
motor  armature,  or  whatever  circuit  is  connected  between 
ii  and  by  is  thus  reversed. 

In  order  to  reverse  onlv  tlie  current  in   the  armature,  the 
reversing    switch    must   be    j)laccd  in  tlie   armature   circuit 
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"  only.  Fig.  ■Hi  {a)  represents  the  connection  for  a  reversing 
shunt  motor  and  Fig.  2ii  {d)  for  a  reversing  series  motor. 
The  line  terminals  are  marked  +  and  —  ;  ^  is  the  starting 
resistance;  //  and  />',,  the  brushes  of  the  motor;  and  F,  the 
icid  coil  of  the  motor.     Some  manufacturers  combine  the 

KiRtarting   resistance   and   reversing  switch   in   one   piece  of 

I  apparatus. 


MTULTIPOLAR  .VBMATUUE  WrNDINGS. 

00,  Before  leaving  the  subject  of  dynamos  and  motors 
I  we  will  take  up  briefly  some  of  the  more  Jmjxjrtant  points 
I  relating  to  the  windings  of  .armatures  for  multipolar  direct- 
I  current  machines.  The  two-pole  type  of  machine  has  been 
►  replaced  by  the  multipolar  type  in  all  but  a  few  of  the 
f  smaller  sizes.  Practically  all  the  windings  in  use  are  of  the 
I  drum  type.  This  does  not  necessarily  mean  that  the  arma- 
\  turc  core  is  in  the  shape  of  a  drum,  because,  in  many  modern 
I  machines,  the  armatures  are  so  large  in  diameter  compared 

with  their  length  parallel  to  the  shaft  that  the  core  takes  the 

I  shape  of  a  ring.     In  a  drum  armature,  however,  there  is  no 

[  wire  passing  through  the  center  of  the  core  and  each  turn 

Jtepresents  two  active  conductors  on  the  face  of  the  armature. 

lOn  the  other  hand,  in  a  ring  armature  the  turns  are  wound 

liAroond  the  core   instead  of   on  the  surface  and  each  turn 

I  represents  but  one  active  face  conductor.     The  distinction 

rbetween  a  ring  and  drum  winding  is.  therefore,  more  related 

Kto  the  way  in  which  the  winding  is  applied  than  to  the  actual 

e  of  the  core.     Ring  windings  are  still  used  on  constant- 

lAurrent  arc  dynamos,  but  practically  all  other  direct -current 

hinca  make  use  of  drum  windings,  so  that  we  will  not 

Ktnsider  ring   windings  here.      It  has  been  shown   tliat  an 

jrdinary  ring  winding  could  be  run  in  a  multipolar  field  if 

.    many    brushes  are   provided  as  there  are    poles    on   the 

f  machine. 

01.  Ap|.llciitlon  of   Wtn-JInK.— In  the  older  styles  of 
krmatureB  the    winding  was  applied   by    hand,   the   cotton 

J.    Il.--in 
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insulated  wire  being  wound  directly  into  the  insulated  slots. 

In  nearly  all  modern  machines  the  coils  are  wound  on  forms 
and  taped  to  hold  them 
in  shape.  They  are  then 
treated  with  insulatmg 
compound  and  baked, 
after  which  they  are 
placed  on  the  armature. 
Practically  all  modern 
drum  armatures  are  of 
the  toothed  type,  i.  e., 
the  coils  are  held  in  slots 
between  projecting  teeth 
on  the  surface  of  the 
core.  Fig.  27  shows  a 
few  common  styles  of 
slot  in  use.  The  straight 
slot  shown  at  {a)  is  one 

very  largely  used  because  the  coils  can  be  easily  placed  in  it. 

With  straight  slots,  it  is,  of  course,  necessary  to  use  band 

wires  to  keep  the  coils  from  flying  out.  With  the  over- 
hanging teeth  {d)  and  (c)  and 

the  notched  tooth  (</)  no  band 

wires  arc  ncces.sary,  the  t 

being  held  down   in  place  liy 

the  strips  s.     It  will  be  noticed 

that  in  all  these  sI'Us  the  con- 


iiito 
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side  of  a  coil  fills  only  half  a  slot 
For  example,  in  (rt)  the  group  _/ 
joil  and  c  the  side  of  another  coil 


gr<.u].s.  an  upper  gn.up  <■  and 

a  lower  gn.up  /.      Each 

instead  of  a  whole  slot. 

represents  a  side  of  one 

each  coil  having  eighteen  turns  of  wire.      Fig.  28  shows  a 

typical  formed  coil  as  used  on  a  multipolar  armature.     The 

sides  a  a  and  /'/'  lie  in  the  slnis.     The  spread  of  the  coil 

will,  of  course,  be  detcrniincil  by  the  number  of  poles  on 

the    machine,    because,  when    llie    group    iif    conductors    in 

side  nil  is  under  a  north  pole,  groupie  must  be  under  a 
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[ctiuth  pole.     The  portions  (/r  project  beyond  the  armature 
I  core  and  the  two  ends  /  /  connect  to  the  commutator. 

The  student  will  notice  that  the  side  a  a  hes  in  a  lower 
I  plane  than  d  b,  the  wires  being  given  a  turn  at  r  c  la  accom- 
I  plish  this.  Wires  a  a  would,  therefore,  lie  in  the  bottom 
I  part  of  a  slot,  as  shown  at/.  Fig.  27  («),  and  6  b  would  lie  in 
I  the  top  of  a  slot,  as  at  f.  The  coils,  therefore,  lie  in  two 
I  layers,  constituting  what  is  sometimes  called  a  two-layer 
k  wlndloif.  The  object  in  arranging  the  coils  in  this  way  is 
L  to  allow  the  end  connections  to  pass  each  other  easily  and  to 
I  lie  compactly  together.  It  also  allows  as  many  coils  to  be 
l-accommodated  as  there  are  slots,  whereas  if  each  side  of  a 
■  coil  filled  a  whole  slot,  the  number  of  coils  would  be  only 
I  one-half  the  number  of  slots. 

62,  For  armatures  having  a  large  current  output,  the 
vinding   is    usually   in    the    shai>e  of    copper    bars  of    rect- 

f  angular     cross-section. 

}  Fig.  27  {h)  shows  a  slot 

I  containing  two  bars.    In 

I  some  cases  four  or  six 

I  bars  per  slot  are  used. 

I  Fig.  29  shows  one  ele- 

Imcnt  of  a  bar  winding 
The  bars  are  bent  as 
ihown    in    Fig.    2a    {a) 

land  two  of  them  are 
mldcred     together,     as 

ishown    in    {b).    at    the  C" 

point  d.     The  parts  a  a  ^"''■^■ 

and  t  e  tic  in  the  slots  and  parts  />,  b  form  the  cmsa-con- 
nections  at  the  end.  The  part  b  on  the  front  end  serves 
both  as  the  connection  to  the  commutator  and  as  the  con- 
nection between  the  front  ends  of  the  bars.  i.  e.,  the  ends  of 
the  bars  next  to  the  commutator. 

63.  Tj-pps  of  Windings.— The  number  of  different 
styles  of  winding  that  may  be  used  on  multlpohir  drum 
armatures  is  very  large  and  it  is  possible  to  take  up  here 
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only  a  few  points  regarding  the  most  common  arrangements. 
A  complete  discussion  of  these  windings  belongs  to  the 
subject  of  dynamo  design  and  is  beyond  the  scope  of  this 
Course.  For  convenience,  we  may  divide  multipolar  drum 
windings  into  two  classes,  parallel  windmgs  and  series 
wmdmgs.  The  significance  of  these  terms  will  be  seen  when 
the  two  styles  are  explained. 

64,  Elementary  Principles. — Suppose  that  we  have  an 
armature  core  A^  Fig.  30,  that  is  placed  in  a  six-pole  field, 
the  poles,  of  course,  being  alternately  north  and  south  around 
the  armature.  In  order  to  illustrate  the  points  to  be  brought 
out,  we  will  show  only  one  conductor  lying  in  each  slot  and 
draw  in  only  two  conductors  under  each  pole  in  order  that 


the  drawing  may  be  as  simple  as  possible.  For  the  present 
we  will  suppose  that  the  conductors  /,  ;-'',  etc.  are  simply 
straight  bars  lying  in  the  slots  with  their  ends  unconnected. 
Now  when  the  armature  revolves,  E.  M.  F. 'swill  be  induced 
in  these  conductors,  and  the  E.  M.  F/s  in  all  the  conductors 
passing  under  an  .\'  pole  will  be  in  one  direction  and  those  in 
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Lhe  conducturs  passing  under  an  5  puk-  will  be  in  (he  opposite 
F  direction.  We  will  assume  that  the  E.  M,  F.'s  in  the  cun- 
I  ductors  under  the  A' poles  are  directed  down  through  the 
I  paper  and  are  shown  black,  while  those  in  the  roii ductors 
I  under  the  5  poles  are  directed  up  through  the  paper  and  are 
V  shown  lijjht.  The  actual  direction  will,  of  course,  depend 
I  on  the  direction  of  rotation  of  the  armature,  but  this  is  not 
■  essential  for  the  present  purpose. 

GA.  Now  the  problem  in  any  direct-current  drum  wind- 
Bing  is  to  connect  these  various  conductors  together  and  ulsn 
Ito  the  commutator 
I  so  that   these  vari-       i  i    i 

I  ous  E.  M.  F.'s  will 
I  B(1d  up  or  assist  in- 
I  stead  of  oppose  each 
I  other-  The  wind-  '  {ai 
I  ing  must  also  con- 
l  ncct  up  into  a  closed   circuit.      It  i 


i     i     I     I     ^ 


I'ident   then    that   ' 


I  must  connect  the  back  end  of  an  A' conductor  to  the  back 
I  end  of  an  ^~  conductor,  as  in  Fig.  HI  (u).  because  the  con- 
[■  ductors  will  then  be  in  series  and  the  E.  M.  P.  's  will  aid  each 
\  other,  as  shown  by  the  arrowheads.  If  two  JV  conductors 
:  connected  across  the  back,  as  shown  in  Fig,  31  (/>), 
I  the  E.  M.  F.'s  would  neutralize  each  other.  In  passing,  it 
I  may  be  well  to  state  that  by  the  /'ttc^  cti-l  of  an  armature  is 
I  meant  the  end  away  from  the  conimutatur,  and  ihe /roit/  i-nd 
&  the  end  ne.\t  to  the  commutator. 

(MS,     From  the  foregoing  we  see  that  the  space  spanned 

I  by  the  coils  or  bars,  in  connecting  up  an  armature,  must  be 

labout  equal  to  thedistance  between  the  centers  of  the  poles. 

This  span  is  known  as  the  pitch,  and  in  a  slotted  armature 

ic  pitch  must  be  about  equal  to  the  number  of  slots  divided 

!  the  number  of   poles.     A  slot  or   two  either   way  will 

Ukke  little  or  no  difference  as  far  as  the  operation  of  the 

lachine   is  concerned,  provided  all  other    connections  are 

:t;  but  the  space  spanned  over  by  the  coil  should  never 

s  than  the  span  of  the  pole  a  h.  Fig.  30, 
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67,  In  connecting  together  the  front  ends  of  the  con- 
ductors, there  are  two  methods  that  may  be  followed — one 
method  results  in  a  parallel^  multiple^  or  lap  winding,  and 
the  other  in  a  series  or  wave  winding.  The  multiple  or  lap 
method  is  shown  in  Fig.  30.  Here  the  front  end  of  con- 
ductor 1  is  connected  to  commutator  bar  a  and  the  back 
end  of  1  is  connected  to  the  back  end  of  3  under  the  next 
S  pole,  as  shown  by  the  dotted  line.  The  front  end  of  S 
connects  to  the  next  commutator  bar  b.  In  other  words, 
one  end  of  a  coil  connects  to  a  bar  and  the  other  end  of 
the  same  coil  connects  to  the  7iext  bar.  The  front  end 
of  2  also  connects  to  bar  b  and  the  back  end  of  2  connects 
to  the  back  end  of  J/.,  the  front  end  of  ^  connecting  to  the 
third  bar  c.  This  process  of  connecting  is  continued  until 
all  the  coils  are  connected,  the  last  end  of  the  last  coil 
connecting  to  bar  a,  thus  making  the  winding  form  a 
closed  circuit.  In  Fig.  30  the  student  will  notice  that  each 
element  of  the  winding  laps  back  over  the  preceding  one, 
hence  the  name  lap  winding. 

68.  Fig.  32  shows  the  method  of  making  the  front 
connections  that  gives  rise  to  a  series  or  >vave  winding. 
Starting  from  bar  a  we  pass  down  bar  7,  across  the  back 
and  up  J,  the  same  as  in  Fig.  30.  Instead,  however,  of 
going  back  to  the  next  bar,  as  in  Fig.  30,  the  end  of  S  is 
carried  forwards  to  a  bar  d  one-third  the  way  around  the 
commutator  and  from  there  connects  to  the  front  end  of 
bar  5.  The  back  end  of  /7  connects  to  the  back  end  of  7 
and  the  front  end  of  7  is  again  carried  forwards  to  a  bar  / 
one-third  the  circumference  of  the  commutator  in  advance 
of  il.  y  connects  to  iJ  and  It  to  i7,  as  indicated,  and  11  con- 
nects to  bar  /;,  which  is  next  to  a,  the  point  from  which  we 
started.  From  h  the  winding  again  progresses  around  the 
armature  in  a  similar  manner  and  comes  back  to  c  and  so 
on  until  the  winding  is  completed  and  the  last  terminal  of 
the  last  coil  is  connected  to  a. 

Now  the  back  connections  for  Fig.  32  are  the  same  as  the 
back  connections  for  Fig.  30,  l)ut  the  front  connections  are 
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entirely  different.  In  Fig.  30  the  winding  laps  back  on 
itself,  while  in  Fig.  3"2  it  progresses  around  the  armature  in 
zigzag  style,  thus  giving  rise  to  the  term  >vavo  winding:. 
Also  note  that  in  Fig.  30  there  are  only  two  conductors  in 
series  between  the  two  commutator  bars  a^  b,  because  the 
front  end  of  conductor  S  connects  to  commutator  bar  /;. 
On  the  other  hand,  in  Fig.  32  there  are  six  conductors  (as 
many  conductors  or  groups  of  conductors  as  there  are  poles) 
connected    in  series  between  a  and  /'.     These  two  figures 


Fig.  33. 


are  intended  principally  to  bring  out  the  diflfcrence  in  the 
end  connections  of  the  two  styles  of  winding.  The  other 
features  will  be  brought  out  later  in  connection  with  more 
complete  diagrams.  In  actual  windings  connected  as  above, 
conductor  1  would  lie  in  the  bottom  of  the  slot  and  i>  in  the 
top  of  the  slot  and  there  would  be  two  layers  of  conductors 
on  the  armature.  For  the  sake  of  simplicity,  however,  only 
one  conductor  is  indicated  in  each  slot  and  these  are  shown 
as  lying  in  the  bottom  of  the  slots.     If  a  singic  layer  ici tiding 
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were  to  be  used,  the  connection  from  bar  b  would  be  taken 
to  the  next  slot  beyond  2  instead  of  2^  as  explained  later 
(Art.  72),  in  connection  with  a  complete  diagram  for  a 
single  layer  winding. 

69,     Arrangrement  of  Commutatop  Connections. — It 

will  be  noticed  in  Figs.  30  and  32  that  the  ends  of  the  con- 
ductors are  not  connected  to  the  commutator  bar  directly 
in  front  of  them.  The  connections  are  brought  around 
through  an  angle  of  about  one-twelfth  a  circumference,  or 
given  a  lead,  as  it  is  usually  termed.  This  is  done  in  this 
case  to  make  the  connections  symmetrical,  though  some- 
times, as  on  railway  motors,  it  is  done  to  bring  the  brushes 
into  a  readily  accessible  position.  For  example,  the  wind- 
ing in  Fig.  30  would  work  just  as  well  if  the  end  connec- 
tions were  made  as  shown  by  the  light  dotted  lines,  though 
we  would  then  have  one  short  connection  and  one  long  one 
instead  of  two  of  more  nearly  equal  length.  If  the  con- 
nections were  made  as  shown  by  the  light  dotted  lines,  the 
brushes  would  be  placed  about  in  line  with  the  center  of  the 
space  between  the  poles;  if  they  were  made  as  shown  by 
the  full  lines,  the  brushes  would  come  about  in  line  with  the 
centers  of  the  poles.  The  effect  is  practically  the  same  as  if 
the  commutator  had  been  given  a  twist  on  the  shaft  after 
the  connections  were  made,  thus  changing  the  relative 
position  of  the  brushes  and  poles  from  that  in  which  one 
would  naturally  expect  to  find  them. 


EXAMPLE  OF  PAR^VT.LKT.-AVOirXD  ARMATITRE. 

70.  Fig.  33  {a)  is  a  diagram  ilhistrating  the  method  of 
winding  and  connecting  a  parallel  or  lap-wound  armature 
for  a  four-pole  machine.  Thirty-four  slots  are  shown,  though, 
of  course,  most  armatures  would  have  a  larger  number  than 
this;  this  number,  however,  is  sufficient  to  illustrate  the 
method  of  winding.  The  sector-shaped  figures,  two  of 
which  are  shown  in  heavy   lines,   represent  the  coils.     The 
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radial  lines   /.  /,  2,  2,  etc.  represent  the  parts  of  the  coils 

tliat  lie  in  the  slots  ami   the  outer  nirved  lines  represent 

irk  ends  of  the  coils.     The  inner  curved  lines  rcpre- 

lent  the  ends  of  the  coils  next  to  the  commutator,  and  the 

Tishes  A,  A',  By  IS'  are  shown  inside  the  commutator  in 

■der    that   the   diagram   may  not   be   complicated.      The 

traight  lines  running  from  the  coils  to   the   commutator 

jieprcsent  the  coil  leads,  or  terminals.     In  this  figure  only 

:  bundle  of  conductors  has  been  indicated  for  each  slot 

:ause  a  two-layer  winding  would  make  the  diagram  more 

complicated.     With  the  shape  of  coil  shown  in  Fig.  Xi  (6) 

it  would  be  awkward  to  make  the  crossings  where  the  coils 

^comc  out   of   the  slots,  and  a  single  layer  winding  would 

leldom  be   used  with  coils  having   ends  shaped    like  those 

Ifaown.     However,  the  figure  shows  the  method  more  plainly 

if  a  two-layer  winding  were  illustrated,  and  for  this  rea- 

n  only  one  bundle  of  conductors  per  slot  is  taken.     There 

|re  seventeen  coils,  and,  hence,  seventeen  commutator  bars 

ind  the  windings  are  arranged  in  the  slot  about  as  indicated 

1  Pig.  33  {{•). 

The  same  diagram  could  also  be  taken  to  indicate  a  two- 
kiyer  winding  with  seventeen  slots  only,  by  considering  the 
cven-numljcred  groups  as  the  lower 
groups  in  the  slots  and  the  odd- 
numbered  groups  as  the  upper  ones, 
B  indicated  in  Fig.  34.  For  exani- 
Ic,  the  group  of  conductors  7,  .;  or 
Ine  side  of  coil  /«  would  be  in  the 
p  of  slot  /  and  the  other  side  JO,  10 
rould  be  in  the  bottom  of  slot  S.     In  ^^°-  **■ 

rbat  follows,  however,  we  will  consider  that  we  have  seven- 
sen  coils  arranged  in  thirty-four  slots,  there  being  but  one 
roup  of  conductors  in  each  slot. 

\  71.  roniK'ctloiiB.— The  beginning  of  coil  /  is  connected 
9  bar  a.  The  coils  span  about  one-quarter  of  the  armature 
tod  the  other  end  of  coil  w  rs  found  at   slot   10.      This  end 

tonnects  back   to  the    next   bar   b.      The    beginning  of  the 
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coil  //  (coming  out  at  slot  »/)  connects  to  bar  b  and  the  end 
of  //  (coming  out  at  slot  It)  connects  to  r,  and  so  on  with  all 
the  other  coils,  until  finally  the  last  wire  coming  out  of 
slot  H  connects  to  a^  thus  making  a  closed  winding.  The 
student  should  start  at  bar  a  and  trace  out  the  connections 
all  around  the  armature  or,  better  still,  draw  a  diagram  for 
himself. 

The  brushes  will  be  located  in  a  p)osition  where  they  will 
connect  with  the  conductor  in  the  neutral  space,  hence  one 
brush  will  be  located  at  A,  Suppose  we  assume  that  A  is  a 
negative  brush  and  that  current  is  flowing  in  at  it.  In  the 
I)osition  shown  the  brush  A  bridges  over  between  bars  a  and 
/;,  so  that  coil  in  is  short-circuited  and  there  will  be  no 
current  in  it  except,  perhaps,  a  local  current.  When  the 
incoming  current  reaches  a  and  b  it  divides,  part  flowing 
towards  8  and  part  towards »?.  Bear  in  mind  that  if  the  cur- 
rent flows  from  the  front  to  the  back  in  the  conductors  under 
the  north  poles,  it  must  flow  from  back  to  front  in  those 
under  the  south  poles.  Wherever  two  opposing  currents 
meet  a  brush  must  be  placid,  so  that  in  tracing  out  the  cur- 
rent if  we  come  to  such  points  we  will  know  where  brushes 
arc  necessary.  First  we  will  start  at  b  and  take  the  current 
that  flows  towards  ii.  The  path  will  be  b-^i-^i-l^-lJ-c-rt-T)- 
]J^-]Jf-t/-7-7-lfi-H;-c-U-U-lS-lS-/.  Now  if  we  go  on  from 
y  we  encounter  an  arrow  at  11  pointing  against  us  because 
//-//  is  entering  under  a  south  pole,  so  that  a  brush  must 
be  jnaced  at/in  ordi^r  that  the  opposing  currents  can  unite 
and  flow  out.  Now  take  the  current  flowing  from  a  towards 
S.     The   path    is   ^?-rV-.v_V,7-,y.y-r_/;-/;_y/_y7_.r-4-4-.jr>_^^>_7.- 

it-ri-.m-.n-t.  If  we  go  on  from  /  we  meet  an  arrow  in  the 
opposite  direction  because  ^iJf—iJf.  is  entering  under  a  south 
pole,  so  that  there  must  be  another  positive  brush  at  /  to 
allow  the  oj)p()sing  currents  to  flow  out.  In  the  above  two 
paths  w(!  have  taken  in  only  one-half  the  grouj)s  of  conductors 
on  the  armature,  so  tliat  if  we  used  only  these  three  brushes 
we  would  not  utilizt^  all  tiie  winding.  If,  however,  we  add 
another  brush  A'  we  open  up  two  more  paths  for  the  cur- 
rent.     These  are  o-rJ-r.f-JS-:tS-p-::i-,>l^:if)^iO-r-''^S-23-^r>^ 


DYNAMO-ELECTRIC  MACHINERY. 


(!S 


Uie 

K 


.1i-t-S5-2S~S4-^4  to  brush  t  and  out  on  the  +  armature 
lead.  The  other  path  from  A'  is  a-2G-2ii-n-l7-k-^-Si- 
IS~ lS-/t-22-^2- 13- J. i-^-M-^)~ 1 1 -11-/ HnAovt  at  B'.  It  is 
necessary,  therefore,  in  a  parallel  or  lap  winding  to  have  as 
many  brushes  or  sets  of  brushes  as  there  are  poles — in  this 
ease  four.  Since  brushes  />  and  J>',  A  and  A'  are  of  the 
same  polarity,  they  are  connected  together  permanently  by 
means  of  connecting  rings.  The  brushes  are  rijiidly  irmuntL-d 
(for  a  four-pole  machine)  90°  or  one- 
quarter  a  circumference  apart,  but  the 
group  of  brushes  as  a  whole  can  be 
shifted  around  the  commutator  in  order 
to  set  them  at  the  non-sparking  poiril. 
In  the  armature  shown  in  Fig.  Xi  (m)  , 
there  are.  then,  four  parallel  paths  for 
the  main  current,  as  indicated  diagram- 

itically  in  Fig.  35,  and  for  this  rea-  fio.  m. 

m  the  winding  is  called  a  parallel,  or  multiple,  as  well  as  a 
ip  winding.  If  the  machine  had  six  poles,  there  would  be 
six  sets  of  brushes  (iO°  apart  instead  of  four  sets  90°  apart, 
and  there  would  be  six  paths  for  the  main  current,  and  so 
on  for  any  number  of  poles. 

Fig.  SI)  (i)  and  (c)  shows  more  nearly  how  the  connections 
would  be  arranged;  (f>)  shows  the  arrangement  for  a  coil 
winding  and  (c)  for  a  bar  winding,  there  being  but  one  bar 

each  slot. 


72,  WlndlnK  Reqiilroments, — In  Fig.  33  (it)  the  stu- 
dent will  notice  that  one  side  of  a  coil  is  in  an  odd-numbered 
winding  space  and  the  other  side  in  an  even-numbered  space ; 
for  example,  coil  »«  lies  in  slots  /  and  JO.  and  the  number  of 
lots  spanned  over  is  10—1  =  9.  This  number  of  slots  or 
Hnding  spaces  spanned  over  is  called  the  piU/i.  The 
lumber  passed  over  in  connecting  the  back  ends  of  the  con- 
tactors is  called  the  dari-  pitch,  and  the  number  passed  over 
I  connecting  the  front  ends  is  called  ihc  front  pitch.  Also, 
i  Fig.  33  (a)  we  wind  from  1  to  10,  then  from  .J  to  12.  and 
The  even-numbered  slots,  2,  4,  0,  etc.,  must  be  left 
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empty  for  the  other  sides  of  coils  wound  into  27,  29,  31,  etc. 
In  coming  across  the  front  of  the  armature,  10  is  connected 
to  3  by  way  of  bar  b,  so  that  the  front  pitch  is  7.  In  wind- 
ings of  this  kind  it  is  a  general  rule  that  the  back  pitch  and 
the  front  pitch  are  both  odd  numbers  and  differ  by  2.  It 
must  be  remembered  that  the  pitch  is  the  number  of  wind- 
ing spaces  passed  over.  This  may  or  may  not  be  the  same 
as  the  number  of  slots  passed  over,  because  we  might  have 
more  than  one  winding  space  per  slot,  as  shown  in  Fig.  27. 
Of  course,  it  is  evident,  also,  that  the  total  number  of  con- 
ductors, or  groups  of  conductors,  must  be  divisible  by  the 
number  of  slots,  or  else  there  would  be  either  an  empty  slot  or 
two,  or  an  extra  coil  or  side  of  a  coil  with  no  place  in  which 
to  put  it. 

73.  Suin:nary. — In  regard  then  to  simple  parallel-wound 
armatures,  such  as  are  shown  in  Fig.  33  {a),  we  may  sum  up 
the  following: 

A  para  lie  I'WOUfid  drum  armature  must  be  provided  with  as 
many  sets  of  brushes  as  there  are  poles  on  the  machine. 

There  are  as  many  paths  for  the  current  through  the  arma- 
ture as  there  are  poles  on  the  machine,  so  that  the  current  that 
flows  in  the  armature  conductor  is  equal  to  the  total  current 
delivered  divided  by  the  number  of  poles. 

The  front  pitches  and  back  pitches  must  both  be  odd  numbers 
and  differ  by  2. 

The  total  number  of  conductors^  or  groups  of  conductors, 
must  be  divisible  by  the  nuvdnr  of  slots. 

Parallel-wound  armatures  are  widely  used  and  are  especially 
adapted  for  machines  that  have  to  deliver  heavy  currents, 
because  the  current  in  the  armature  is  subdivided  and  the 
size  of  the  armature  wire  is  kept  down.  On  the  other  hand, 
they  are  not  so  well  adapted  for  the  generation  of  high 
pressures,  because  the  voltage  generated  depends  on  the 
number  of  conductors  connected  in  scries  between  the 
brushes,  and  with  this  winding  the  number  connected  in 
series  is  only  the  total  number  divided  by  the  number  of 
poles. 
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EX.VMI>LG    OF    SEItIE3*-WorXI»    AHMATl'KK. 

.     Connections. — Fig.  30   (a),  (d),   and    (c)    shows  the 

armature  as  in  Fig.  33,  provided  with  a  series  or  wave 

ng  instead  of   a  multiple  winding.      The  number  of 

Blots  and  arrangement  of  coils  is  the  same  as  in  Fig.  33,  but 

the  student  must  not  assume  that  all  armatures  that  are 

connected  in  multiple  can  also  be  connected  in  series,  because 

ich  is  not  the  case,  as  will  be  shown  later.     In  Fig.  3C  («), 

le  terminals  from  the  coils  have  been  given  a  backward 

id    of  one-eighth    a    circumference,    so    that    the    brushes 

instead  of  failing  between  the  pole  pieces  com6  opposite  the 

centers  of  the  poles,  is  in  Fig.  33  {a).     Starting  from  bar  a, 

it  is  easily  seen  that  the  scheme  of  connection  is  the  same 

that  already  explained   in  connection  with  Fig.  32.     The 

ids   of    coil  M  are    connected   to  bars   about  one-half    a 

;umference  .(part,  i,  e, ,  bars  a  and  o,  instead  of  being  con- 

:cd  to  da;acent  segments.      Except  for  the  method  of 

iking  the  connections  to  the  commutator,  the  two  arma- 

ires  m'ght  look  almost  exactly  alike,  in  fact,  it  is  very  often 

icuir  to  tell  by  a  mere  inspection  whether  an  armature  is 

ro'fided  with'  a  series  or  a  multiple  winding.     If,  however, 

If  terminals  of  a  coil  branch  off,  one  to  one  side  of  the 

imutator  and  the  other  to  the  other  side  after  leaving 

the   slots,   instead   of  both   slanting   in   the  .same    general 

direction,  or  towards  the  same  side,  as  in  Fig.  33  {n),  it  is 

lually  safe  to  assume  that  the  armature  is  series- wound. 

i  IS,  Wc  will  place  a  brush  A  at  a  point  opposite  the  cen- 
fer  of  one  pole  and  assume  that  the  current  flows  in  at  this 
frush  and  will  mark  the  arrowheads  as  in  Fig.  33  (n). 
larting  from  bar  a  we  have  two  paths,  one  of  which  is  as 
yio ws  :     (I-  ;-  /-^  W-  10-th-  !0-l9--JS-2/i-b-3-3-lJ-12-fy-3 1--'  l- 

^9-«-j8-]S-f-^-37-^-2-/.  If  we  go  farther  than  this, 
c  encounter  arrowheads  in  the  opposite  direction,  so  that 
bere  must  be  a  brush  at  /.  As  a  matter  of  fact,  the  brushes 
1  and  B  are  liO"  apart,  and  bars  c  and  fuTis  bridged  over  so 
lat  the  circuit  i^-i)-]S-IS-l-37-27-'3-^-/  is  short-circuited, 
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and  these  cunductors  have  been  left  without  arrowheads 
because  no  current  flows  in  them,  except,  perhaps,  a  U»t;al 
current.  The  second  path  starting  from  a  is  a-S6-i3G-J7~ 
}7-l--S-8-33-3H-y-S^-i.'^-lfi-ir,-h-(i-ti-3t-3}-x-22-Sl2-13- 
J3'g~i-4-S9-S0-v~2O-£O-JJ~Jl-/ to  the  Other  brush  S. 

Now  if  the  student  will  examine  the  above  two  paths  he 
will  notice  that  every  group  of  conductors  is  accounted  for 
and  that  the  two  brushes  A  and  B  are  all  that  are  necessary 
for  the  utilization  of  the  whole  winding.  Although  the 
machine  has  four  poles,  there  are  but  two  paths  through  the 
armature  and  but  two  sets  of  brushes  are  required.  This  is 
a  decided  advantage  in  some  cases,  especially  on  railway 
motors,  where  the  two  under  brushes  would  be  awkward  to  get 
at.  The  number  of  conductors  connected  in  series  betweeij 
the  brushes  is  one-half  the  total  number  on  the  armature,  so 
that  this  winding  ts  well  adapted  for  the  generation  of  fairly 
high  pressures.  It  is  a  style  of  winding  used  very  largely  for 
500-vult  railway  motors  and  generators.  Fig.  3ti  {/>)  and 
(<■)  show  the  connections  more  nearly  as  arranged  on  the 
aclaal  armature.  {/>)  showing  the  coil  arrangement  and  (f)  the 
bar  winding.  In  both  these  views  the  armature-core  sur- 
face is  supposed  to  be  straightened  out  flat.  It  may  be 
mentioned  in  passing  that  series  windings  are  often  called 
two-flrcult  windings  because  there  are  but  two  circuits 
through  them  from  brush  to  brush  no  matter  how  many 
poli-H  the  machine  may  have. 

7<J.  I'sf  "1"  MoM>  Tlmii  Tw(.  Hi-uwlies.— Although,  as 
pointed  out  above,  two  brushes  are  all  that  are  necessary  for 
the  operation  of  a  series-wound  armature,  more  than  two  arc 
frequently  used,  This  is  nearly  always  done  on  large  gen- 
erators and  motors  because  two  sets  of  brushes  are  not 
capable  of  handling  the  current  properly  unless  the  com- 
mutator is  made  very  wide  and  expensive,  so  as  to  give 
sufficient  contact  surface.  Two  additional  brushes  .//',  Ji' 
are,  therefore,  provided  as  shown  by  the  dotted  outlines  in 
Fig.  :i«  (rt).  These  are  at  right  angles  tu  the  others  (for  a 
four-pole  machine)  and  press  on  bars  o  and  /.     There  is  no 
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i;  iieutrai  point  at  o  and  /,  however,  because  no  opposing 

iurrcnts  meet  at   this  point.      The  main  current  Rowing  in 

n  the  brush  cable  C  divides,  part  of  it  entering  at  brush  A 

Jid  part  of  it  at  A'.     The  current  flowing  in  at  A'  unites 

with  that  coining  up  to  the  bar  o  from  V),  10  and  flows  on 

/y,  19,  as  indicated  by  the  arrowheads.     The  addition 

brush  A'   simply   relieves  .-)    of   part   of    the    current, 

:  A'  is  not  necessary  for  the  operation  of  the  machine 

wcausc  there  is  no  neutral  point  at  bar  o.     In  a  similar 

;r,  the  addition  of  brush  B'  relieves  B  of  part  of  the 

fUtgoing  current.     Fig.  3?  represents  the  winding  diagrani- 

tnatically.    J,  H,  3,  and  Jf  repre- 

groups    of    conductors. 

Sroups  S  and  it  are  connected 

series  between  brushes  A 

1  li  and  groups  /  and  4  are 

u  connected    in   series  and 

;  two  paths   so  formed   are 

1  parallel.     Then  we  have  be- 

cen  the  two  brushes  A  and 

two    parallel    paths,    each 

unsisting  of  one-half  the  lutal  / 

;humber  of  conductors  in  series.  ''"^'  ^• 

i  path  of  the  current  from  A  to  B  is  indicated  by  the 
rrows,  and  it  is  easily  seen  that  additional  brushes  can  be 
iddcd  at  A'  and  B'  or  that  the  machine  will  work  with  J 
nd  B  alone.  This  diagram  is  only  intended  to  show  the 
m  of  brushes  A'  and  B'  a  little  more  clearly  than 
;,  and  the  connections  of  the  coils  represent  those  of  the 
^rmalure  in  principle  only.  The  actual  connections  would, 
f  course,  be  as  shown  in  Fig.  IJfi. 


77.  ArraiiKcment  of  BrnsheH  fur  Six-Pole  Machine. 
Jhe  foregoing  has  been  given  more  particularly  with  refer- 
ence to  a  four-pole  winding,  but  the  winding  for  any  number 
t  poles  IB  similar.  The  use  of  the  scries  winding  gives  but 
piro  paths  through  the  armature  from  brush  to  brush,  no 
latter  how  many  poles  there  may  be,  whereas  the   parallel 
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winding  gives  rise  to  as  many  paths  as  there  are  poles,  A 
six-pole  machine  ivith  a  series  ivinding  could  be  operated 
with  two  brushes  (>0°  apart,  as  shown  in  Fig.  38  ((?),  or 
two  additional  brushes  could  be  added  and  the  machine 
operated  with  four  brushes.  If  the  machine  had  to  deliver  a 
large  current,  six  brushes  would  be  provided,  as  shown  at 


(r),  and  six  brushes  would  have  to  be  used  in  any  event  if 
the  machine  had  a  parallel-wound  armature.  When  more 
than  one  pair  of  brushes  is  used,  brushes  of  similar  polarity 
arc  connected  together  by  copper  rings  or  cables  mounted  on 
the  rocker  that  carries  the  brush  holders,  as  indicated  in  ifi) 
and  (f). 

Where  a  machine  has  a  series-wound  armature  and  is  pro- 
vided with  more  than  two  st-ts  of  brushes,  the  brush  that 
makes  the  best  contact  with  the  ccimunitator  will  take  the 
most  current.  For  e.xamjile,  in  Fijf.  ;{(i,  if  brush  A'  made  a 
rather  pcjor  contact,  brush  .■(  would  take  more  than  half  the 
current  and  mijjhl  spark  badly.  In  the  ease  of  a  parallel- 
wound  armature,  the  points  where  the  brushes  rest  are  true 
neutral  pnints  and  there  is  not  the  same  danirer  of  unequal 
distribution  of  current  between  the  brushes. 


7H.     Coii-lltlons  nil-  WlnclIiiK.- 

be  provided  with  a  series  windinj^, 
be  fullilled  ard  certain    relations   r 


Whe 


front  and  back  pileli 
up  j)rii])erly  a)id  for 
windiiij;.  like  that  s 


r  that  the  windi 


a   closed  t 
wn  in   VVf 


armature  is  to 
onditiiins  must 
t  between  the 
spaces,  and  the 
ijr  shall  connect 
a  simple  series 
relations  are  as 
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Both  the  front  and  back  pitches  tnust  be  odd  numbers.    They 

lay  both  be  the  same  or  may  differ  by  3. 

The  total  number  of  winding  spaces  or  slots  {if  there  is  but 

Tottductor,  or  group  o/conditctors,  per  slot)   must  be  equal 

0  thf  average  pitch  multiplied  by  the  number  of  poles  plus  or 

minus  i. 

Or,  S=py  ±  % 

rhere  S  =  number  of  winding  spaces; 

P  =  number  of  poles; 
y  =  average  pitch. 

The  total  number  of  conductors,  or  groups  of  conductors. 
t  he  divisible  by  the  number  of  conductors  per  slot. 

The  second  (.'undition  will  be  understood  by  referring  to 

J?ig.  30.     Here  we  connect  across  the  back  from  conductor  / 

s  10,  hence  the  back  pitch  is  Si.     Across  the  front  we  con- 

tcct  from  10  to  10,  hence  the  front   pitch  is  also  9  and  the 

tverage  pitch  is  also  9  I — — -^  =  91. 

The  number  of  poles  is  four. 

Hence.  5  =  4  X  9  ±  2  =  38  or  34. 

Hence,  with  the  above  front  or  back  pitches  we  can 
iBC  38  or  34  winding  spaces  and  have  the  armature  connect 
up  all  right.  If  we  used  a  two-layer  winding,  thus  utilizing 
two  winding  spaces  per  slot,  we  would  have  17  or  1»  slots. 

70.  CivjsH-Coimefted  Coin mn tutors. — Sometimes  the 
ionnections  for  a  two-circuit  or  series  winding  are  made 
'  connecting  opposite  bars  on  a  four-pole  commutator 
:  bars  one-third  a  circumference  apart  on  a  six-pole  com- 
mutator.  These  cross-connections  on  the  commutator 
Wnncct  the  armature  coils  in  series  and  give  rise  to  a  two- 
nth  winding,  thus  allowing  the  machine  to  be  run  with  two 
!  brushes.  These  cross-connections,  however,  com- 
ate  the  construction,  and  though  used  considerably  at  one 
e  arc  not  now  used  to  any  great  extent.  The  method  of 
J.    U.—11 
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connection   shown  in   Fig.  3G  is  simpler  and  represents  in 
principle  the  one  most  commonly  used  for  series  windings. 

80.  Since  a  two-circuit  winding  provides  only  two  paths 
for  the  current,  it  is  evident  that  the  current  in  the  armature 
conductor  will  be  one-half  the  total  current  supplied  by  the 
armature.  The  armature  conductors  would,  therefore,  be 
larger  than  would  be  called  for  if  a  parallel  winding  were 
used.  On  the  other  hand,  there  would  not  need  to  be  as 
many  conductors  used  to  generate  a  given  E.  M.  F.,  because 
one-half  the  total  number  of  conductors  on  the  armature  are 
connected  in  series  between  the  brushes.  The  output  in 
watts  that  a  given  armature  can  deliver  is,  therefore,  about 
the  same  no  matter  which  style  of  winding  is  used. 

81.  The  above  will  serve  to  bring  out  some  of  the  main 
points  connected  with  multipolar  windings.  As  stated  at  the 
outset,  there  are  a  great  many  different  styles  of  winding  in 
use,  but  if  the  student  understands  the  principles  involved 
he  should  have  little  difficulty  in  following  out  any  particular 
winding.  The  best  way  to  do  this  is  to  draw  diagrams 
similar  to  the  figures  already  shown  and  trace  out  the  path 
of  the  current. 
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ItEPBBSENTATIO:>r    OF    ALTERNATING 
CUllKENTS. 

1.  So  far  all  the  problems  we  have  considered  in  con- 
I  nection  with  electric  currents  have  dealt  with  direct  currents. 
I  In  connection  with  the  theory  of  the  dynamo,  it  was  shown 
I  that  when  a  simple  loop  was  revolved  in  a  magnetic  field  so 
I  as  to  cut  across  the  lines  of  force,  a  current  was  generated 
I  that  flowed  first  in  one  direction  and  then  in  the  other;  in 
t  other  words,  an  alternating  current  was  generated.  In 
I  order  to  change  this  alternating  current  to  a  direct  current, 
[  the  commutator  is  added. 

2.  In  taking  up  the  applications  of  electricity  we  have 
to  deal  with  both  direct  and  alternating  currents.  The 
latter  have,  in  recent  years,  become  of  great  importance 
because  the  alternating  current  has  displaced  the  direct 
Current  for  many  lines  of  work,  especially  in  the  field  of 
electric-power  transmission.  It  is  necessary  to  consider 
alternating  currents  by  themselves,  because,  by  reason  of 
the  fact  that  an  alternating  current  is  continually  changing 

its  amount  and  the  direction  of  its  flow,  its  behavior  is, 
many  cases,  quite  different  from  that  of  a  direct  current, 
he  apparatus  used  in  connection  with  alternating-current 
ttallations  is,   in  general,  different  from  that  which  has 

I'orntrtlcvof  tbacopyriglit.  Huiu^fl  (miiiedlitUly  followInK  Uio  Ulls  pk^ 
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been  described   as  used  in  connection   with   direct-current 
outfits  and  needs  to  be  considered  separately.     Moreover, 


Pig.  1. 

on  account  of  the  nature  of  alternating  currents,  they  do 
not  flow  in  accordance  with  the  simple  laws  that  govern  the 
flow  of  direct  currents. 

3.  In  order  to  study  the  action  of  alternating  currents, 
it  is  absolutely  necessary  that  there  be  some  means  of  repre- 
senting them  on  paper  by  means  of  diagrams;  consequently, 
before  going  on  with  the  study  of  alternating-current  appa- 
ratus, it  is  necessary  to  get  these  methods  of  representa- 
tion firmly  fixed  in  mind. 

4.  The  current  furnished  by  an  ordinary  direct-current 
dynamo  having  a  fairly  large  number  of  commutator  bars  is 
practically  continuous;  i.  e.,  the  current  does  not  fluctuate 
to  any  extent  as  the  armature  revolves  and,  of  course,  never 
reverses  its  direction   of  flow.     In    continuous-current    cir- 

• 

cuits,  the  current  flows  uniformly  in  one  direction;  in  other 
words,  as  time  elapses  the  value  of  the  current  docs  not 
change.  This  condition  might  be  represented  graphically 
as  shown  in  Fig.  1.  Time  is  measured  along  the  horizontal 
line  0  a,  and  as  the  current  remains  at  the  same  value,  it 
might  be  represented  by  the  heavy  line  c  b\  the  height  of 
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^^■tbis  line  ndovi-  the  horizontal  would  indicate  the  value  of  the 
^^B'CutTent,   i.  e.,  -{•■iii  amperes.      A  current  of  —35  amperes, 
^^H  i.  e.,  a  current  flowing  in  the  opposite  direction,  would  be 
^^F  represented   by   the   heavy   line   </  c  bfltrw   the   hnrizontal. 
Time  is  laid  off  to  scale  (in  this  case  each  division  represents 
10  seconds),  so  that  the  farther  we  go  from  0  in  the  direc- 
tion of  the  arrow,  the  greater  is  the  length  of  time  that 
I  has  elapsed.     The  linec  b  represents  a  current  of  25  ampere--^. 
Bowing  uniformly  in  the  positive  direction  for  11(1  seconds, 
and  til-  a  current  of  35  amperes  flowing  uniformly  in  the 
reverse  direction  for  KiO  seconds. 
i 


5.    In  the  rase  of  alternating  currents,  the  direction  of 

I  the  flow  is  continually  changing.  This  may  i)e  shown  graph- 
ically, as  in  Fig.  2.  In  this  case  a  current  of  S5  amperes 
flows  for  an  interval  of  1  second  in  the  positive  direction;  it 
then  reverses,  flows  for  a  similar  interval  in  the  opposite 
direction,  and  again  reverses.     This  operation  is  repeated 


at  regular  intervals,  as  shown  by  the  line,  and  any  current 
that  passes  repeatedly  through  a  set  of  values  in  equal  inter- 
vals of  time,  such  as  that  shown  above,  is  known  as  an 
nltematinir  current.  The  line  0//'  a^g"  />  is  often  spoken 
of  as  a  cnrront.  or  K.  M.  F.,  wave,  depending  <in  whether 
the  diagram  is  used  to  represent  the  current  flowing  in 
circuit  or  the  E.  M,  F.  that  is  setting  up  the  current, 
positive  half  wave  "//'«  is  of  almost  exactly   the 
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shape  as  the  negative  half  wave  agg'b  in  most  practical 
cases.  Induction  coils  produce  E.  M.  F.'s  that  have  differ- 
ent positive  and  negative  half  waves,  but  in  the  case  of 
E.  M.  F.'s  produced  by  alternating-current  dynamos,  the  two 
waves  are  almost  identical. 

6.  The  outline  of  the  alternating-current  waves  usu- 
ally met  in  practice  is  always  more  or  less  irregular,  the 
shape  of  the  wave  depending  largely  on  the  construction  of 
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the  machine  producing  it.  Some  of  the  more  common 
shapes  are  shown  in  Figs.  3,  4,  5,  and  (».  Figs.  3,  4,  and  5 
show  the  general  shape  of  the  waves  produced  by  some 
machines  used  for  lighting  work  and  having  toothed  arma- 
tures.    The  student  should  notice  that  while  the  waves  are 


Fig.  4. 


irregular,  the  same  set  of  values  are  repeated  over  and  over, 
and  that  the  set  of  negative  values  of  the  rurrent  is  the 
same  as  the  positive,  thus  j^roducing  a  symmetrical  curve 
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with  reference  to  the  horizontal  line.     Fig.  6  represents  a 
form  of  wave  that  is  commonly  met,  especially  in  the  case  of 


Fig.  5. 


large  alternators  designed  for  power  transmission.     It  will 
be  noticed   that    this  curve  is  practically   symmetrical   as 


Fio.  «. 


regards  both  the  horizontal  line  0  a  h  c  and  a  vertical  passing 
through  the  highest  point  of  the  curve. 


CYCIiE,    FREQUENCY,    AND    AT^TEIINATION. 

7.  In  the  curves  shown  in  Figs.  3  to  0,  tl)e  current  passes 
through  a  set  of  positive  values  while  the  interval  of  time, 
represented  by  the  distance  Oa^  is  elapsing,  and  through  a 
similar  negative  set  during  the  interval  represented  by  the 
di.stance  ab.  This  operation  of  j)assing  through  a  C()mj)lete 
set  of  positive  and  negative  values  is  repeated  over  and  over 
in  equal  intervals  of  time. 
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The  complete  set  of  values  that  an  alternating  current 
passes  through  repeatedly  as  time  elapses  is  called  a  cycle. 
A  cycle  would,  therefore,  be  represented  by  the  set  of  values 
that  the  current  passes  through  while  the  time  represented 
by  the  distance  0  b  was  passing. 

8.  The  number  of  cycles  passed  through  in  a  given  inter- 
val of  time  {usually  o?ie  second)  is  called  the  frequency  of 
the  current.  For  example,  if  the  current  had  a  frequency  of 
30,  it  would  mean  that  it  passed  through  30  complete  cycles, 
or  sets  of  values,  per  second.  In  this  case,  the  distance  0  b 
would,  therefore,  represent  an  interval  of  ^^  second,  and  the 
time  occupied  for  each  half  wave,  or  the  distance  0  a,  would 
be  -jV  second.  The  frequency  is  usually  denoted  by  the  let- 
ters n  or  f  although  the  symbol  ^  is  sometimes  used.  Fre- 
quencies used  in  alternating-current  work  vary  greatly  and 
depend  largely  on  the  use  to  which  the  current  is  to  be  put. 
Fpr  lighting  work,  frequencies  from  GO  to  125  or  130  are  in 
common  use.  For  power-transmission  purposes,  the  fre- 
quencies are  usually  lower,  varying  from  00  down  to  25,  or 
even  less.  Very  low  frequencies  cannot  be  used  for  lighting 
work  because  of  the  flickering  of  the  lamps.  Several  of  the 
large  companies  have  adopted  00  as  a  standard  frequency 
for  both  lighting  and  power  apparatus.  This  is  well  suited 
for  operating  both  lights  and  motors  and  enal)les  both  to  be 
run  from  the  same  machine — a  considerable  advantage, 
especially  in  small  stations.  The  high  frequencies  of  125-130 
are  going  out  of  use  except  in  stations  that  operate  lights 
exclusively.  When  the  current  is  used  cxchisively  for  power 
transmission,  low  frequencies  of  25  or  40  are  common. 

9.  An  alternation  is  half  a  cycle.  It  is,  therefore, 
represented  by  one  of  the  half  waves,  and  there  are  two 
alternations  for  every  cycle. 

Instead  of  expressing  the  frequency  of  an  alternator  as  so 
many  cycles  per  second^  some  j)refer  to  give  it  in  terms  of  so 
many  alternations  per  jniiiiitc.  For  example,  suppose  we 
have  an  alternator  (alternating-current  dynamo)  supplying 
current  at  a  frequency  of  00,  i.  e.     00  complete  cycles  per 
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■  Bccond,  or  a.UOO  ptr  minute.  Since  there  are  two  alterna- 
1  tions  for  every  cycle,  the  machine  might  be  said  tu  give 
»^,'i<M  alUrnalions  per  minute.  The  method  of  expressing 
I  the  frequency  as  so  many  cycles  per  second  is,  however,  the 
I  one  most  commonly  used. 


PHASE  DIFFEIiENCE. 
lO.  CnrreittB  In  PIin,se. — Two  or  more  alternating  cur- 
I  rents  that  have  the  same  frequency  are  said  to  be  In  phaso 
I  when  they  come  to  their  maximum  values  at  the  same  instant 
I  and  pass  through  zero  at  the  same  instant.  In  other  words, 
I  the  two  waves  vary  in  unison  with  each  other,  as  shown  in 
J  Fig.  1.  Here  we  have  two  currents  A  and  /?,  one  having  a 
I  maximum  value  of  5  amperes   and   the   other   a   : 


Value  of  3  amperes,  in  phase,  or  in  step,  with  each  other. 
The  currents  must,  of  course,  have  the  same  frequency,  but 
the  point  to  be  noted  is  that  both  curves  cross  the  hori- 
zontal line  at  the  same  points  or  the  currents  pass  through 
zero  at  the  same  instant.  Also  both  curves  reach  their  max- 
imum values  at  the  same  instant.  The  above  two  curves 
»rc  shown  as  referrinK  partii:u!arly  to  currents,  but  the 
Line  holds  true  with  regard  to  two  E.  M.  F's. 

f.     Cunvnts  Out  of  PhiwM?. — Two  or  more   currents 
of   the  same  frequency  are  said  to  be  out  of  phnwc  when 
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they  do  not  reach  their  maximum  values  at  the  same  instant. 
This  will  be  understood  by  referring  to  Fig.  8,  where  the 
two  currents  represented  by  the  curves  A  and  B  are  out  of 
phase  with  each  other.  These  curves  are  exactly  the  same 
as  those  given  in  the  last  figure.  They  are  of  the  same  fre- 
quency, but  curve  A  is  displaced  from  B  along  the  axis  by 
the  distance  a  h^  with  the  result  that  the  two  curves  do  not 
cross  the  axis  together  nor  reach  their  maximum  values 
together.  In  other  words,  at  the  instants,  say,  when  current 
A  is  zero,  current  B  is  not  zero  but  has  a  value  represented 


Pig.  h. 

by  the  vertical  line  c  d.  Now  time  is  supposed  to  be  meas- 
ured along  the  horizontal  line  in  the  direction  of  the  arrow,  so 
that  the  point  c  represents  a  later  instant  than  the  point  a^ 
that  is,  curve  A  does  not  start  until  curve  />  has  already 
reached  the  value  represented  by  c  d.  The  curv^e  A  is, 
therefore,  said  to  la^  behind  the  curve  />,  and  the  current 
represented  by  A  is  higging  behind  the  current  represented 
by  />.  Sometimes  the  same  thing  is  expressed  by  saying 
that  the  current  B  leads  the  current  A. 

12.  Hyneliroiilsm. — Strictly  speaking,  two  alternating 
currents  are  in  synchroiiism  when  they  have  the  same  fre- 
quency;  but  the  term  In  syneliroiilsni,  as  applied  to  either 
alternating  currents  or  E.  M.  F.'s,  implies  that  the  two 
currents  or  E.  M.  F's  are  not  only  of  the  same  frequency  but 
are  also  in  phase.  For  example,  the  two  currents  in  Fig.  7 
are  in  synchronism.  One  alternator  is  said  tolx^  in  synchro- 
nism with  another  when  its  frecpiency  is  the  same  and  when 
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s  also  in  phase  with  the  other.  The  word  synchronism 
means  the  state  of  being  synchronous  or  occurring  at  the 
lame  time. 

In  Figs.  7  and  8,  the  curves  were  both  taken  to  represent 

tlternattng    currents,    but   in    alternating-current   circuits 

l|here  are  eases  where  the  current  lags  behind  the  E.  M.  F. : 

I  that  in  Fig.  8  the  curve  A    might   represent   a   lagging 

iurrenl  and  the  curve  //  the  E.  M.  F.  driving  the  current 

irough   the   circuit.     Also,   under  certain   conditions,   the 

§£.  M.  F.  maybe  ahead  of  the  current,  so  that  curve  fi  might 

represent  the  current  and  curve  A  the  E.  M.  F.     It  is  this 

difference  in  phase  that  may  occur  between  currents   and 

|E.  M.  F.'s  that  is  accountable  for  many  of  the  differences  in 

behavior  of  alternating  currents  as  compared  with   direct 

■currents.      The  causes  that  bring  about  this  phase  difference 

Ivill  be  studied  later. 


AnDmON  OF    KLHtrrROMOTIVE  FORCES  A 

13.  In  Fig.  1  the  student  should  note  that  where  the  two 
Mrrcnts  are  in  phase,  they  always  flow  in  the  same  direction 
irith  relation  to  each  other.  For  example,  when  current  A 
t  flowing  in  the  positive  direction,  so  also  is  current  B  ;  and 


when  current  A  is  flowing  in  the  negative  direction,  so  is 

flt  /?.    The  result  is  that  the  total  current,  as  represented 

IT  the  sum  of  the  two  currents,   is  obtained   by  adding  the 

Kwo  to^thi^r :  that  is,  the  two  currents  whose  maximum  values 

c  fi  and  3  am[n;res  give   a   tnta!  lurrenl   whose 
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value  is  8  amperes.  The  combined  current  would  be  repre- 
sented by  the  dotted  line.  Points  on  this  dotted  curve  are 
obtained  by  adding  the  values  of  the  other  two  curves.  For 
example,  the  vertical  line  a  d  is  equal  to  a  c  -\-  a  b.  The 
maximum  value  of  the  curve  representing  the  sum  of  the 
currents  is  5  +  3  =  8  amperes,  and  the  dotted  curve  is  in 
phase  with  the  other  two.  Suppose,  then,  that  we  have  an 
alternator  A^  Fig.  9,  feeding  two  circuits  A  and  B,  The 
current  in  A  has  a  maximum  value  of  5  amperes  and  that 
in  B  of  3  amperes.  The  ampere  meter  C  would  then  indi- 
cate a  current  having  a  maximum  of  8  amperes.  In  other 
words,  when  the  currents  in  A  and  B  are  in  phase,  the 
ammeter  C  will  give  a  reading  equal  to  the  sum  of  the 
readings  given  by  A  and  B,  just  as  would  be  the  case  with 
a  direct  current. 

14.  Now  consider  Fig.  8,  where  the  currents  A  and  B  are 
not  in  phase.  It  is  easy  to  see  that  at  certain  portions  of  the 
cycle  the  two  currents  are  opposing  each  other,  as  at  the 
point  e,  where  current  B  has  the  value  e  f  in  the  positive 
direction,  and  current  u4  a  value  e ^  in  the  negative  direction. 
The  resultant  current  will  then  be  the  difference  between  the 
two,  or  e  //,  because  e  It  is  equal  to  e  g  less  c  f.  We  can  obtain 
the  dotted  curve  C,  which  represents  the  sum  of  the  other  two, 
by  obtaining  a  number  of  points  like  //.  Note  particularly 
that  the  maximum  value  of  this  dotted  curve  is  not  8  amperes, 
as  in  the  last  case,  but  is  considerably  less.  Also  note  that 
the  dotted  curve  is  not  in  phase  with  either  of  the  other  two. 
If,  therefore,  we  had  an  alternator  feeding  two  circuits,  as 
shown  in  Fig.  9,  and  if  the  currents  in  A  and  B  were  out  of 
phase  with  each  other,  the  reading  given  by  ammeter  C  would 
be  less  than  the  sum  of  the  readings  given  by  A  and  />,  and 
the  main  current  furnished  by  the  alternator  would  be  out  of 
phase  with  the  currents  in  A  and  B.  It  is  easily  seen  from 
Fig.  8  that  where  the  currents  are  out  of  phase  there  are  times 
when  they  oppose  each  other,  so  that  it  is  only  natural  to 
expert  that  the  resultant  current  will  be  less  in  Fig.  8  than 
in  Fig.  7. 
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15.  To  summarize  the  foregoing  we  may  state  that: 

1.  Two  alternating  currents  or  E,  AT,  F.'s  that  are  In 
phase  with  each  other  may  be  added  in  the  same  way  as 
direct  currents  or  E.  M.  F,  *s.  , 

2.  If  tzvo  alternating  currents  that  are  In  phase  be  added 
together^  the  resultant  current  or  E.  M,  F.  is  also  in  phase 
with  the  original  currents  or  E,  M.  F'.^s. 

3.  //  two  alternating  currents  or  E.  M.  F/s  that  are 
out  of  phase  be  added  together^  the  resultant  current  or 
E.  M,  F.  will  be  less  than  the  sum  of  the  two^  and  this 
resultant  current  or  E,  M,  F,  will  be  out  of  phase  with  the 
original  currents  or  E.  M,  F.  's. 

16.  In  referring  to  the  phase  difference  between  two 
curves,  it  is  customary  to  express  the  phase  difference  as  so 
many  degrees.  For  example,  a  complete  cycle  from  a  to  r. 
Fig.  10,  is  taken  as  360°;  a  half  cycle,  or  alternation,  will 
be  180° ;  and  a  quarter  cycle,  90°.     In  Fig.  10,  the  curve  B 


*•    7/me 


Fig.  10. 


would  be  spoken  of  as  lagging  00°  behind  W,  because  it 
does  not  start  in  until  \  cycle  has  elapsed  after  A  has 
started.  This  amount  of  lag,  expressed  in  degrees,  is  called 
the  ang:le  of  lag:.  If  the  angle  of  lag  were  zero,  the  two 
curves.  Fig.  10,  would  be  in  phase. 
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17.  Two-Phase  System. — If  two  currents  differ  in 
phase  by  90°,  they  are  said  to  be  at  rlglit  ang^Ies  to  each 
other,  or  in  quadrature.  In  Fig.  11,  suppose  that  we 
have  two  alternators  A  and  By  with  their  armatures  mounted 
on  the  same  shaft  and  feeding  two  separate  circuits  i,  2. 


BM 


K—M. 


im 


Fio.  11. 

Also,  suppose  that  the  armatures  are  so  mounted  that  just 
at  the  instant  the  current  in  circuit  1  is  at  its  maximum 
value,  the  current  in  2  is  passing  through  its  zero  value. 
The  curves  representing  the  currents  would  then  be  as  shown 
in   Fig.   12.      These  two   currents   differ  by  90°,  or  are  in 


yo  t. 


quadrature,  or  at  right  angles  to  each  other.  Under  such 
circumstances  it  is  easily  seen  that  when  No.  1  is  at  its 
maximum  value  (7  b,  No.  2  is  passing  through  its  zero 
value,  and  7ncc  versa.  The  system  shown  in  Fig.  II  con- 
stitutes what  is  called  a  two-phase  system. 

A  t\vo-|>hiu>e  ssystein  /V,  tJicrcforc,  one  in  icJiieJi  two  simple 
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tllernaling  currents  an-   used,   these  two    currents  differing 
^n  phase  by  00°,  or  one-guarlir  of  a  cycle. 

Two   currents  differing   in    phase,  as   above,  are  usually 

ailed  a  two-phase  current,  although   the  use  of  the  term 

I'two  phase   implies   that   more   than   one  current   is    used. 

■What  is  meant  is  that  there  are  two  simple  currents  differ- 

■  ing  in  phase  by  90°,  or  one-quarter  of  a  cycle. 

18.  In   practice  it  would  not  be  necessary  to  use  two 
matures,  as  shown  in   Fig.  H,  in  order  to  generate  two 

I  currents  displaced  in  phase  by  90°,  although  this  has  been 

'  done  in  some  cases.      By   providing  a  single  armature  with 

I  two  groups  of   windings  properly  disposed  with  regard  to 

sach  other,  the  same  result  may  be  obtained.     This  will  be 

explained  later  in  connection  with  alternators. 

19.  Usually  a  two-phase  system  uses  four  wires,  as  shown 
1  Fig.  11,  although  this  is  not  absolutely  necessary.     If  the 

ientral  wire  is  made  large  enough,  it  can  be  made  to  answer 
s  the  return  wire  for  both  the  others,  as  indicated  in  Fig.  13. 

■  Here  C  is  the  common  return  wire.     The  current  that  will 
I  flow  in  C  maybe  obtained  by  adding  the  curves  shown  in 


Mff,  13;  and  as  these  two  curves  differ  so  much  in  phase,  it 
I  at  once  apparent  that  the  current  in  C  will  not  be  twice 
ihe  current  in  the  outside  wires.  As  a  matter  of  fact,  the 
airrcnt  in  the  middle  wire  will  be  1.414  times  the  current 
n  the  outside  wires.  Also,  if  E  is  the  voltage  between  the 
middle  and  either  outside  wire,  the  voltage  between  the  two 
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outside  wires  will  be  1.414  E.  It  is  best,  however,  to  have 
the  two  sides  of  the  system  independent,  and  for  this  reason 
the  four  wires  are  generally  used. 

30,     Three-Pbase  System. — A  three-phase  sj^tem  is 

one  that  uses  three  alternating  currents  that  differ  in  phase 

by  130°,  or  one-third  of  a  complete  cycle. 

In  Fig.  14  we  have  three  alternator  armatures  mounted 

on  the  same  shaft  and  supplying  current  to  three  cir- 
cuits A,  B,  and  C. 
The  armatures  are 
so  fixed  on  the  shaft 
with  regard  to  each 
other  that  the  E.  M.  F. 
in  R  lags  120°,  or  one- 
third  of  a  cycle,  behind 
A.  The  current  in  C 
lags  a  similar  amount 
behind  5,  and  the  cur- 
rent in  A  lags  120° 
behind  C.  In  Fig.  15, 
if  we  represent  the  cur- 
rent in  A  by  the  full- 
line  curve,  then  the 
dotted  curve  lagging 
iaO",orune-thirdcycie, 
behind  will  represent 
the  current  in  B.  The 
ly  the  dot-and-dash  curve 


lurrcnt  in  C  will  be  represented 
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"  behind  the  dotted  ciirv 
ivalcnt  to  liii"  Iiecause 

the  distance  represen- 

ling  a  whole  cycle,  or 

We  have  here  three 

rdistinct  alternating 

^currents  that  differ  in 

»  phase  by  130",  and  this 

^constitutes  a   three- 

J  phase  system.      As    in 

I  the  two-phase  system, 
these  three  currents,  or 
rather  the  E.  M.  F.'s 
that  set  up  the  cur- 
rents, can  be  generated 

I  by   a  single   armature 

i  provided     with     three 

Iproperly  disposed 

J  windings.       Also,    we 

rmight  use  one  wire  Z>  as  a  comi 

Itbrce,  as  shown  in  Fig.  Ifi. 


;  equal  to  one-third  of 


return  for   the  other 


81,     The  current  in  the  common  return  wire  will  be  the 

■  Bum  of  the  three  currents  indicated  by  the  curves  shown  in 

■  Pig.  16.     Now,  in  Fig.  15   the  curves  are  all  of  the  same 

■  faeight;  or,  in  other  words,  the  currents  in  each  of  the  three 
Kphases  are  supposed  to  he  equal,  or  the  system  balanoe<l. 
(Under  these  circumstances  the  three  curves  exhibit  a  pccu- 

irity  that  is  taken  advantage  of  to  do  away  with  the  com- 
mon return  wire  D.  In  Fig.  15  take  any  point  g  and  draw 
,  vertical  line  cutting  the  three  curves.  If  these  three 
re  measured,  it  will  be  found  that  £'/  =  ^^-i-^'^. 
This  means  that  the  current  that  tends  to  flow  in  the  posi- 
pive  direction  is  just  neutralized  by  the  current  tending  to 
low  in  the  negative  direction;  at  the  point  i/the  current  in 
^h<i5e  A  is  at  its  maximum  negative  value,  while  the  cur- 
rents in  the  other  two  phases  are  each  one-half  as  great  and 
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in  the  positive  direction,  or  df=.  3  df.  This  holds  good  for 
any  points  that  may  be  taken,  and  the  result  is  that  the  sum 
of  the  currents  is  always  zero.  Such  being  the  case,  there  is 
no  need  of  providing  any  wire  for  the  return  current  and 
the  system  may  be  operated  with  three  wires,  as  shown  in 
Fig.  17.  Under  these  circumstances  each  wire  acts  succes- 
sively as  the  return  wire  for  the  other  two.  It  must  be 
remembered,  however, 
that  the  sum  of  the 
three  curves.  Fig.  15, 
is  zero  only  when  the 
load  is  the  same  on  all 
three  phases.  It  is 
easily  seen  that  if  one 
curve  is  higher  than 
the  others,  there  will 
be  a  current  in  the 
return  wire,  and  this 
wire  should  be  pro- 
vided wherever  the 
system  is  liable  to  be- 
come unbalanced.  In 
must  rases  that  arise 
in  practice,  the  load 
can  be  kept  suffi- 
ciently neara  balanced 
condition  to  render  the 
c  nearly  always 
Lems.  Where  a 
in  practice,  the 
Fiji-  1  7,  are.  of  course,  made 
ng  the  number  of  necessary 
will  be  e.xplained  more  fully 


fourth  wii 
used  for 

inside  the  armatur 
collecting  rinjrs  to 


.-cssary,  and  three  i 
ration   of  thrcc-ph, 


nnectii: 


i-ith  alternators. 


'i'i,  MnltlpliuMC  or  Pol,vi»lms<'  K.vwtenis. — The  term 
iiinltl]>lins«',  or  jiolyplmst'.  is  apjilicd  (o  any  system  that 
uses  two  or  more  than  two  altcrnatin)"  currtius  that  differ 
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1  phase,      TwiJ-phase  and  three-phase  systems  are  the  ones 

:oramniiIy  used,  though  six-phase  systems  are  used  in 

1   few   special   cases.      These   polyphase  systems  owe    their 

Utiended  use  lo  the  fact  that  a  single  alternating  current, 

1  stngle-pliase  i-nrrent,  as  it   is  usually  called,  is  not 

^dll  adapted  to  the  operation  of  alternating-current  motors, 

hnd  where  the  current  is  used  for  power-transmission  work, 

nt  is  necessary  to  use  two  or  more  currents. 


AXIMXrM,    A"IT:RA(;E.    AXD    EFFKCTm:    VAIATES 

OF  AN    ALTERNATING    CITIIIENT. 
23,     During  each  cycle   an   alternating   current   passes 

trough  a  large  range  of  values  from  zero  to  its  maximum. 
jS'hese  instantaneous  values  are,  as  a  rule,  used  very  little  in 

alculations.  But  it  is  necessary  that  it  should  be  clearly 
Ptnderstood  what  is  meant  when  a  current  of  so  many 
mperes  is  said  to  be  flowing  in  a  circuit  or  that  an  alter- 
Bator  is  supplying  a  pressure  of  so  many  volts.  When  it  is 
Mated  that  an  alternating  current  of,  say,  10  amperes  is 

lowing  in  a  circuit,  some  average   value  must  be  implied, 

tecause,  as  a  matter  of  fact,  the  current  is  continually 
Hternating  through  a  wide  range  of  values.  It  has  become, 
Ihcrcfore,  the  universal  custom  lo  express  the  values  of 
Uternaling  currents  in  terms  of  the  value  of  the  continuous 

iurrcnt  that  would  produce  the  same  heating  effect  in  the 
Brcuit;  for  example,  if  the  alternating  current  were  lo  am- 

Itrcs,  it  would  mean  that  this  alternating  current  would 
broduce  the  same  heating  effect  as  a  10-ampere  continuous 

furrent. 

584.     Suppose    that    the    ciirve.    Fig.     IS,    represents   the 
variation  of  an  alternating  E.  >I.  F. :  there  are  three  values 
I  this  E.  M.  F.  that  are  of  particular  importance: 
,   1.     The  nmxiimim  valiif,  or  the  highest  v;ilue  thai  the 
^.    reaches.      This  value    is  given    by    the    ordinate 
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(vertical  line)  E.  This  maximum  value  is  not  used  to  any 
great  extent,  but  it  shows  the  maximum  to  which  the 
E.  M.  F.  rises,  and,  hence,  indicates  the  maximum  strain  to 
which  the  insulation  of  the  alternator  or  any  device  con- 
nected to  the  circuit  will  be  subjected. 

2.  The  average  value,  which  is  the  average  of  all 
ordinates  of  the  curve  for  one-half  a  cycle.  For  example, 
in  Fig.  18  the  average  ordinate  of  the  curve  a  f  b  will  be 
that  ordinate  a  d  that,  multiplied  by  the  base  a  b^  will  give  a 
rectangle  a  b  e  d  oi  the  same  area  as  the  surface  a  f  b.  The 
average  value  taken  for  a  whole  cycle  will  be  zero,  because 


Fig.  18. 

the  average  ordinate  for  the  negative  wave  will  be  the  equal 
and  opposite  of  the  positive  ordinate.  This  average  might 
be  obtained  by  drawing  a  number  of  equally  spaced  vertical 
lines,  adding  them,  and  then  dividing  by  the  number  of  the 
lines. 

This  average  value  always  bears  a  definite  relation  to  the 
maximum  value.  If  K  is  the  maxiinum  valui\  the  aver- 
age value  is  .nSG/i".  The  average  value  is  used  in  some 
calculations,  but,  like  the  maximum  value,  its  use  is  not 
very  extended.  The  relation  between  the  average  and 
maximum  value  is,  however,  used  considerably  and  should 
be  kept  in  mind. 

3.  The  efrcM»t1ve  viiluo  of  an  alternating  current  may 
be  defined  as  that  value  that  will  produce  the  same  heating 


t» 


ALTERNATING  CURRENTS. 


19 


in  a  circuit  as  a  continuous  current  of  the  same 
amount.  TAts  effective  value  is  the  one  vnivcrsally  used  to 
•express  alternating  currents  ami  E.  A/.  F.'s;  it  always  bears 
a  defiaite  relation  to  the  maximum  value.  When  ammeters 
or  voltmeters  are  connected  in  alternating  circuits,  they 
always  read  effective  amperes  or  volts.  This  effective  value 
is  not  the  same  as  the  average  value  {.636  ma.x.),  as  might 
at  first  be  supposed,  but  it  is  slightly  greater,  being  equal  to 
70~  times  the  maximum  value.  If  a  continuous  current  C  be 
sent  through  a  wire  of  resistance  A',  the  wire  becomes  heated, 
and  the  power  expended  in  heating  the  wire  is  /'=  f  A' watts, 
or  it  is  proportional  to  the  square  of  the  current.  If  an 
alternating  current  be  sent  through  the  same  wire,  the  heat- 
ing effect  is  at  each  instant  proportional  to  the  square  of  the 

,eurrent  at  that  instant.  The  average  heating  effect  will, 
therefore,  be  proportional  to  the  average  of  the  squares  of 
all  the  different  instantaneous  values  of  the  current,  and  the 
effective  value  of  the  current  will  be  the  square  root  of  the 
average  of  the  squares  of  the  instantaneous  values.  The 
effective  value  is,  for  this  reason,  sometimes  called  the  square- 

•root-of-mean-square  value.  It  is  also  frequently  called  the 
virtual  value.     Suppose,  for  example,  a  circuit  in  which  an 

^alternating  current  of  10  amperes  maximum  is  flowing. 
This  means  that  the  current  is  continually  alternating 
between"  the  limits  +10  amperes  and  —10  amperes  and 
passing  through  all  the  intermediate  values  during  each 
cycle.     Now,  as  far  as  the  heating  or  power  effect  of  this 

.current  is  concerned,  it  is  just  the  same  as  if  a  steady 
current  of  .707  X  10,  or  7.07  amperes  were  flowing,  and  if 
an  ammeter  were  placed  in  the  circuit  it  would  indicate 
f.07  amperes. 


RBLATIONil    DETWEEX   VALtTBS. 

25.  The  relation  between  the  maximum,  average,  and 
Effective  values  will  be  seen  by  referring  to  Pig.  19,  the 
[average    ordinate  .(i3(i  E    being    slightly    shorter    than    the 
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effective  .707  I:.     For  convenience,  the  following  relations 
are  here  given  together ;  they  should  be  kept  well  in  mind, 


Fio.  19. 


as  they  are  used  continually  in  problems  connected  with 
alternating-current  work : 


Average  value 
Effective  value 
Effective  value 


.030  maximum  value. 
.707  maximum  value. 
1.11  average  value. 


Note. — The  student  must  remember  that  these  values  only  hold  for 
currents  and  E.  M.  F.'s  that  vary  according  to  the  smooth  waves 
shown  in  Figs.  IS  and  19.  These  are  known  as  s/'/ir  icaTi'S,  or  sine 
curves.  Many  alternators  give  E.  M.  F.  and  current  waves  that  are 
verv  close  to  a  true  sine  wave,  and  the  ordinarv  rules  and  formulas 
used  in  alternatinp^-current  work  are  based  on  the  assumption  that  the 
current  follows  such  a  wave.  If  the  student  wishes  further  informa- 
tion regarding  sine  curvis.  he  will  find  them  explained  in  works  on 
Trij^onometry.  For  the  |)resent  i)urpose  such  explanation  is  not  needed 
and  is  beyond  the  scope  of  this  Course. 


SEr.F-INl)  UCT 1 0:%". 

26.  It  has  already  been  mentioned  in  connection  with  the 
subject  of  phase  difference  that  very  often  where  an  E.  M.  F. 
is  causing  an  alternating  current  to  flow  in  a  circuit,  the 
current  may  not  rise  and  fall  in  unison  with  the  E.  M.  P., 
but  may  lag  behind  it.  This  effect  is  due  to  what  is  known 
ys  sclf-iniiuction,  and  it  is  a  direct  consecjuence  of  the  con- 
tinual variation  that  the  current  undergoes. 
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It  has  already  been  shown  that  whenever  the  number  of 
iinagnetic  lines  of  force  threading  through  a  circuit  is  caused 

change  in  any  way,  or  when- 

lever  a  conductor  is  made  to  cut 

^  lines  of  force,  an  E.  M.  F.  is  set 

n   the  circuit  or  conductor, 

land  the  average  E.  M.  F.  so  gen- 

■ated    depends   on    the    average 

■  number  of  lines  of  force  cut  per 
I  second;    or,    in   other   words, 

■  the   rate  at  which  the  lines  are 
Imade  to  change.    As  an  examjjle, 

rtake  a  circular  coi!  of  wire.    Lin 
I  of    force     may    be    made     vary 
I  through  this  coil  in  several  ways,  fic-  a>. 

;  way,  for  instance,  being  to  bring  the  coil  near  the  pole 

I  of  a  magnet  and  then  move  it  so  as  to  cause  the  number 

l.of  lines  passing   through   the  coil   to    vary.      Consider    the 

.ngcment  shown  in  Fig.  20.     Here  the  circular  coil  C, 

I  shown  in  section,  is  placed  between  the  poles  N,  S  of  the 

I  electromagnet,  so  that  the  lines  of  force  indicated  by  the 

I  arrows  thread  through  its  center.     If  the  coil  be  moved  up 

I  and  down  in  the  direction  of  the  large  arrows,  an  E.  M.  F. 

I  will  be  generated  and  it  will  be  indicated  by  the  voltmeter  ( '. 

I  The    E.    M.    F.  so   generated  will   be   alternating,  and  the 

'  arrangement  will  constitute  an  elementary  form  of  alterna- 

The  same  etfcct  would  be  produced  if  the  coil  were 

held  still  and  the  magnet  moved.     Both  these  methods  are 

in  common  use  in  alternators,  in  one  type  the  coils  being 

mounted   on   the   armature   and   revolved  in  front   of   the 

\  magnet,  while  in  the  other  the  coils  are  held  stationary  and 

■the  field  is  revolved. 


87.     Lines  of  force  may  also  be  made  thread  a  coii  by 

Vsending  a  current  through  the  coil  itself.     Take  a  circular 

■Coil  as  shown  in  Fig.  %\.     If  a  current  is  sent  through  such 

\  coil,  lines  of  force  will  be  set  up,  as  shown  by  the  dotted 

^ioes.      So  long  as  the  current  remains  steady,   these  lines 
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will  not  change,  and  the  current  will  flow  through  the  coil 

just  as  if  it  were  an  ordinary  resistance,  i.  e.,  the  current  will 

follow  Ohm's  law ;  and  if  the  voltage  applied  to  the  terminals 

is  E  volts  and  the  resistance  R  ohms,  the  current  will  be 

E 
determined  by  the  relation  C  =  ^.     If,  however,  the  cur- 

rent  is  made  to  vary  in  any  way,  the  number  of  lines  of  force 
threading  the  coil  also  varies,  and,  hence,  an  E.  M.  F.  is 
set  up  in  the  coil.  This  E.  M.  F.  of  self-induction  tends  to 
oppose  any  change  in  the  current.  Whenever,  then,  there 
is  sent  through  a  circuit  an  alternating  current  that  can 
set  up  lines  of  force  that  will  thread  through  the  circuit, 
a  counter  E.  M.  F.  of  self-induction  is  set  up  and  the  current 


^-- -' 


Fig.  21. 


no  longer  flows  according  to  Ohm's  law,  since  the  effect  of 
the  self-induction  is  to  apparently  increase  the  resistance  of 
the  circuit.  Of  course,  there  are  no  self-induction  effects 
present  in  direct-current  circuits,  because  the  current  is 
steady  and  no  induced  E.  M.  F.'scan  be  set  up.  Circuits 
containing  resistance  can  be  made  that  have  practically  no 
self-induction,  and  these  are  known  as  non-inductive  cir- 
cuits. Such  circuits  will  behave  the  same  with  regard  to 
alternating  currents  as  to  direct  currents,  i.  e.,  the  current 
flowing  in  them  will  be  according  to  Ohm's  law.  Water 
resistances  and  incandescent  lamps  are  ])ractically  non- 
inductive. 


28,  Since  the  induced  E.  M.  F.  always  depends  on  the 
rate  at  w/iic/i  lines  of  force  are  cut  or  e/iani^ed,  it  follows  that 
if  the  coil  is  so  situated  that  it  can  readily  set  up  lines  of 
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!  through   itself,  the  induced  E.   M.   P.   will  be  large. 

■,  if  there  are  a  large  number  of  turns  in  the  coil,  the 
.  M.  F.  will  be  large,  because  each  of  the  turns  will  cut  the 
s  of  force  threading  the  coil.  The  higher  the  frequency 
of  the  alternations,  the  more  rapid  will  be  the  change  in  the 
lines,  and,  hence,  the  higher  will  he  the  E.  M.  F.  It  may 
then  be  stated  that  with  a  given  current  flowing  through  a 
coil,  the  induced  E.  M.  F.  will  be  proportional  to  the  total 
number  of  lines  jV  threading  the  coil,  the  number  of  turns  T, 
and  the  frequency  n. 

I  89,    The  total  number  of  lines  JV  that  will  thread  a  coil 
,  a  given  current  is  sent  through  it  depends  on  the 
number  of  turns  7"  in  the  coil 
and  the  material  by  which  the  I 
coil  is  surrounded.     In  the  case 
shown  in    Fig.   21,   where  the 
coil  is  surrounded  by  air    t 
self-induction     will     be     crm  *      — 

Kratively  low,  because  air  is  a  poor  conductor  of  magnetic 
bies.  and  with  a  given  current  in  the  coil,  a  large  number 
Wl  not  be  set  up  through  it.  If,  however,  the  coil  is  sur- 
rounded by  iron,  as  shown  in  Fig.  32,  the  self-induction  will 
be  enormously  increased,  because  lines  of  force  can  be  set 
up  very  readily.  The  number  of  lines  that  will  be  set  up 
lepcnds,  then,  not  only  on  the  current,  but  also  on  some 
;her  quantity,  which  takes  account  of  the  location  of  the 
oil  and  the  facility  with  which  lines  of  force  may  be  set  up 
This  quantity  is  known  as  the  coefHeleot  of 
r-lnductlou  or,  as  it  is  often  called,  the  tnductaiifo  of 
:  coil,  circuit,  or  whatever  piece  of  apparatus  may  be 
tder  consideration. 

The    coefficient    of    self-induction   for  any   coil   is 
wined  from  the  following  relation: 

(product  of  the  total  number  of  lines  N  threading  a  coil 

t  tile  current  is  1  ampere  owl  the  number  of  turns  in  the 

Vil  divided  by  I0(i,tj(>0,(jo0,  or  10\  gives  the  coefficient  of 
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self-ijidiictioji.  The  coefficient  of  self-induction  is  usually 
denoted  by  the  letter  Z.  From  the  above,  the  relation 
given  in  formula  1  is  obtained: 

^=A         (1.) 

where  N  is  the  number  of  lines  corresponding  to  a  current 
of  1  ampere,  7^  the  number  of  turns,  and  L  the  coefficient  of 
self-induction.  The  practical  unit  of  self-induction  is  called 
the  henry.  If  a  coil  had  a  coefficient  of  self-induction  of 
1  henry,  it  would  mean  that  if  the  coil  had  one  turn, 
1  ampere  would  set  up  100,000,000,  or  10",  lines  through  it, 
as  seen  from  the  formula. 

The  inductance  L  for  a  given  piece  of  apparatus  is  a  con- 
stant quantity,  so  long  as  nothing  but  air  or  non-magnetic 
material  surrounds  the  conductors.  In  order  for  L  to  be 
constant,  the  magnetic  permeability  of  the  surrounding 
medium  must  be  constant.  If  iron  is  present,  L  will  be 
nearly  constant  if  the  magnetism  is  not  forced  too  high. 
In  most  practical  cases,  the  inductance  L  may  be  considered 
constant  just  as  the  resistance  A*  of  a  piece  of  apparatus  is 
considered  constant. 


compont:nts  of  applikd  kt.ectromottvk  forc:e. 

31.  It  has  been  shown  that  the  effect  of  self-induction  is 
to  choke  back  the  current.  It  also  makes  the  circuit  act  as 
though  it  possessed  inertia,  as  the  current  does  not  respond 
at  once  to  the  changes  in  the  applied  E.  M.  P.,  and  thus  lags 
behind.  The  resistance  of  the  coil  also  tends  to  prevent  the 
flowing  of  the  current,  hut  it  does  not  tend  to  displace  the 
current  and  E.  M.  F.  in  their  phase  relations.  In  consider- 
ing the  flow  of  current  through  circuits  containing  resistance 
and  self-induction,  it  is  convenient  to  think  of  the  resistance 
and  self-induction  as  setting  up  (^ountcr  \l.  M.  F.'s  that  are 
opi)osed  to  the  E.  M.  F.  supplied  by  the  alternator.  The 
E.  M.  F.  supplied  from  the  alternator  or  other  source  must 
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■  tiicri,  in  the  case  of  alternating-current  circuits,   overcome 

Kil  only  the  resistance,  but  also  tlie  self-induction.      In  the 

sc  of  continuous-current  circuits,  the  resistance  only  must 

taken    into  account.      In    every    case,    then,    where    an 

Pimprcssed  E.  M.  F.  (the  E.  M.  F.  applied  to,  or  impressed,  on 

uit)  encounters  both  resistance  and  self-induction  in 

t  circuit,  it  may  be  looked  on  as  being  split  into  two  parts, 

■nponents,  one  of  which  is  necessary  to  > 

Imristance  and  the  other  the  self-induction. 


33.     Resistance  Componeut. — The  part  of  the  applied 

pE.  M.  F.    that    is    required    to    overcome    the   resi.stance    is 

'Obtained    by    multiplying    the   current    by    the   resistance 

tcause,  from  Ohm's  law,  £  =  CJ^.     It  is  evident  that  when 

Jie  current  is  Bcro,  the  E.  M.  F.  necessary  to  overcome  the 

resistance  is  also  zero,  because  there  is  no  current  to  force 

[brough  the  resistance.     Also,  when  the  current   is   at   its 

laximum   value,  the   E.   M.   F.  required   to  overcome  the 

distance  is  at  its  maximum  value.      T/u-  E.  M.  F.  rfqiiirfd 

n-erco»K  resistance  is,  therefore,  in  phase  with  the  current. 


!t3.  Self-induction  Coiuponent. —  The  component  of  the 
tfpiied,  or  impressed,  E.  M.  F.  that  is  necessary  to  set  up 
the  current  against  the  induced  E.  M.  F.,  or.  in  other  coords. 
o  overcome  the  self-induction,  is  at  right  angles  to  the  current 
and  is  90",  or  one-quarter  of  a  cycle,  ahead  of  the  current  m 
phase. 

This  may  be  seen  by  referring  to  Fig.  33,  where  the 
heavy-line  wave  represents  the  current  flowing  in  a  coil,  or 
circuit.  The  magnetism  set  up  through  the  circuit  will 
increase  and  decrease  as  the  current  increases  and  decreases, 
and,  hence,  may  be  represented  by  the  light-line  wave  in 
phase  with  the  current.  Now  the  induced  E.  M.  F.  is 
greatest  when  the  magnetism  is  changing  at  the  most  rapid 
rale,  because  then  the  cutting  of  the  lines  of  force  is 
greatest. 

If  the  student  will  examine  the  curve  that  represents  the 
varying  magnetism,  he  will  notice  that  when  the  curve  is  at 
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its  highest  point,  the  magnetism  is  changing  but  little ;  for 
example,  there  is  little  or  no  change  between  the  lines  r/,  d\ 
as  these  two  lines  are  of  the  same  length.  On  the  other  hand, 
when  the  magnetism  curve  is  passing  through  zero,  a  small 
change  in  time,  as,  for  example,  from  e  to  r,  is  accompanied 
by  a  considerable  change  in  magnetism,  because  the  mag- 
netism decreases  from  the  amount  at  e  to  zero.  In  short, 
the  rate  of  cutting  the  lines  of  force,  or  the  rate  of  change  of 
the  magnetism^  is  greatest  when  the  magnetism  is  passing 
through  zero ;  hence,  the  induced  E,  M,  F,  must  be  a  maxi- 
mum when  the  current  and  magnetism  are  passing  through 
zero.  The  induced  E.  M.  F.  is,  therefore,  at  right  angles  to 
the  current.  Also,  when  the  current  is  increasing  in  a  positive 
direction,  the  induced    E.   M.  F.  must  be  in  the  negative 


Curren/ 


Fig.  23. 

direction,  because  the  induced  E.  M.  F.  opposes  the  increase 
in  the  current.  The  dotted  curve,  Fig.  23,  that  represents 
the  induced  E.  M.  F.  must,  therefore,  be  at  right  angles  to 
the  current  and  90°  behind  it.  We  are  not  so  directly  con- 
cerned with  the  induced  E.  M.  F.  itself  as  with  the  E.  M.  F. 
that  must  be  applied  to  overcome  the  counter  E.  M.  F.  due 
to  self-induction;  but  it  is  evident  that  this  E.  M.  F.  required 
to  ovcrcovic  self-induction  must  be  the  equal  and  opposite  of 
the  E.  M.  F.  of  self-induction.  The  dot-and-dash  curve, 
which  is  the  equal  and  opposite  of  the  dotted  curve,  there- 
fore represents  the  E.  M.  F.  necessary  to  overcome  the 
induced  E.  M.  F.,  and  it  is  90"  ahead  of  the  current  in  phase. 
The  student  must  not  forget  that  the  E.  M.  F.  required  to 
ovcrcotue  the  self-induction  is  the  equal  and  opposite  of  the 
E.  M.  F.  ^y  self-induction. 
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CIRCriTB    CONTAINING    RE818TAN(K    AND 
SELF-LNOrCTIOX. 

34.  If  we  send  an  alternating  current  through  a  load  of 
Incandescent  lamps  or  through  a  water  rheostat,  we  have 
a  circuit  in  which  there  is  little  or  no  self-induction,  or  it 

non-inductive    load.      Under  such   circumstances   the 

sirrent  and  E,  M.  F.  will  be  in  phase  with  each  other  and 

ihe  alternating  current  will  behave  in  the  same  way  as  would 

iirect  current.     We  can  apply  (Ihm's  law  to  find  out  what 

E.  M.  F.  will  be  required  to  force  a  given  current  through 

Bthe  resistance,  or  we  can  use  the  same  law  to  find  out  what 

■current  will  flow  when  a  known  E.  M.  F.  is  impressed,  or 

E  applied. 

35,  Suppose,  however,  that  we  apply  an  alternating 
E.  M.  F.  of,  say,  100  volts  to  a  device  having  a  resistance 

i  ohms  and  an  inductance  of  1  henry,  as  shown  in  Fig.  24. 
This  device  may  be,  for   example,    a   choke  coil  made  by 
KVrinding  a  number  of  turns  of  insulated  wire  on  an  iron  core. 


I  this  case,  the  device  through  which  the  alternator  A 
inds  current  has  both  resistance  and  self-induction,  and 
e  can  no  longer  apply  Ohm's  law  to  find  what  current  will 
t  up  by  the  applied  pressure  of  100  volts.     If  the  cur 

snt  followed  Ohm's  law,  it  would  be  equal  to  -^,  or   •(' 

B  50  amperes.     As  before  staled,  we  may,  in  a  case  of  this 


II        1 
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kind,  look  upon  the  E.  M.  F.  as  divided  into  two  components, 
one  in  phase  with  the  current  and  the  other  at  right  angles 
to  the  current.  The  part  in  phase  with  the  current  is  equal 
to  C  X  A\  The  component  at  right  angles  to  the  current 
represents  the  E.  M.  F.  necessary  to  overcome  self-induction, 
and  this  E.  M.  F.  depends  on  the  inductance  L  and  the  fre- 
quency ;/  of  the  current,  because  the  more  rapidly  the 
current  changes,  the  greater  is  the  induced  E.  M.  F.  The 
induced  E.  M.  F.  is  given  by  the  following  relation : 


Induced  E.  M.  F.  =  G.283  xnx  LxC*         (2.) 


where 


;/  =  the  frequency  of  the  current ; 
L  =  inductance  of  the  circuit ; 
C=  current  flowing  in  the  circuit. 


The  impressed  E.  M.  F.  /f  is  the  resultant  sum  of  these 
two  components  and  is  obtained  by  combining  the  two  by 
means  of  the  triangle  of  forces,  just  as  was  done  with  forces 


H X C'E. M.F.  to  ore rcom c  rcsUta  n ce 


Fk;.  ii"). 


as  explained  in  Principles  of  Mir/ianics.  For  example,  in 
Fig.  2/)  let  0  a  represent  the  current,  i.  e.,  the  line  o  a  rep- 
resents the   current  to  scale,  1    inch  being   equivalent  to  a 


*  The  proof  of  this  formula  may  be  found  in  any  of  the  more 
advanced  works  on  Alternating  Currents.  'J'he  proof  cannot  readily  be 
j^ivcn  here,  as  it  is  beyond  the  scope  of  this  Course,  and  moreover  is  not 
neccssarv  for  an  understanding  of  the  subjects  that  follow.  The  quan- 
tity r>.2H:{  appearinj^:  in  formula  2  is  equal  to  2  X  :M4U),  :M4Hn)eing  the 
ratio  of  the  circumference  of  a  circle  to  its  diameter.  This  quantity  is 
often  denoted  by  the  (ireek  letter  r  (pi),  and  in  many  works  on  Alterna- 
ting Currents  formula  Si  is  written:  induced  E.  M.  F.  =  2  it  n  L  C. 
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certain  number  of  amperes ;  then  o  h  in  phase  with  the  current 
will  represent  the  E.  M.  F.  necessary  to  overcome  resist- 
ance =  R  X  C,  Then  the  line  ^  r  at  right  angles  to  ^  ^  will 
represent  the  E.  M.  F.  necessary  to  overcome  self-induction, 
and  o  c  will  be  the  resultant  of  the  two  E.  M.  F.'s  and  must 
be  equal  to  the  applied  E.  M.  F.  /:.  The  triangle  ^  ^  r  is  a 
right-angled  triangle ;  hence,  the  square  on  o  c  must  be  equal 
to  the  sum  of  the  squares  on  ob  and  be. 

Or,  0 i'  =  o /;'  -\-bc^\ 

but  ob=  R  C  and  /; c  =  i\. 28:5  ;/  /.  C  ; 

hence,  oc'  =  {R  Cy  +  0>.28;J  ;/  L  C)\ 

and 


oc=  4/pT7+0^83  ;/  L  cy  =  yC  [A""  +  ((>.2s:j  fi'Ly] 

=  C\/A''  +  (i\.'ZH:];iLy. 

We  may,  then,  represent   the  different   quantities  on  the 
E.  M.  F.  triangle   as  shown 
in  Fig.  26. 

3(>.  The  student  should 
study  Fig.  20  carefully,  be- 
cause it  shows  the  relation 
and  amount  of  the  three 
E.  M.  F.'s  met  in  the 
great   majority  of   alternating-current   problems. 

These  three  E.  M.  F.'s  are  as  follows: 

E.  M.  F.   necessary  to  overcome  resistance 

=  A'  C-;  (.3.) 

E.  M.  F.  necessary  to  overcome  self-induction 

=  «;.2S3  ///.T;  (4.) 

Impressed  E.  M.  F.,  or  E.  M.  V.  necessary  to  overcome 
the  resistance  and  self-induition  combined  — 


E  =  i'R'  +  (<;.  2s:j ;/  Ly  c  \  (5.) 
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Of  course,  the  only  E.  M.  F.  that  is  actually  present  is 
the  impressed  E.  M.  F.,  but  it  makes  matters  clearer  if  we 
imagine  that  the  applied  E.  M.  F.  is  used  to  overcome  the 
two  other  imaginary  E.  M.  F.'s.     From  formula  6  we  have 

C  =  -—=£==.  (6.) 

4/i?'+ (6.283  «Z)"  ' 

This  may  also  be  put  in  the  form 

£  =  C  (4/i?»+ (6.283  «Z)»),  (7.) 

^"^  ~=  i/}?' +  (6.283  «Z)-.  (8.) 

Or,  in  an  alternating-current  circuity  where  resistance  and 
self-induction  are  present^  the  current  is  equal  to  the  impressed 
E,  M.  F.  divided  by  the  square  root  of  the  square  of  the 
resistance  plus  the  square  of  6.283  times  the  frequency^  times 
the  inductance  in  henrys. 

In  other  words,  formula  6  is  the  shape  that  Ohm's  law 
takes  for  ordinary  alternating-current  circuits.  If  the 
inductance  L  becomes  zero,  i.  e.,  if  we  have  a  non-inductive 
circuit,  the  quantity  (0.282  ;/  Ly  becomes  zero  and  we  have 

E    _E 

or  when  the  circuit  is  non-inductive,  the  current  follows 
Ohm's  law.  Or  if  the  frequency  reduces  to  zero,  i.  e.,  if  the 
current  becomes  continuous,  //  becomes  zero  and  the  current 
follows  Ohm's  law.  The  presence  of  self-induction  has, 
therefore,  no  influence  on  the  current  so  long  as  a  direct 
current  is  used,  because  in  this  case  there  is  no  variation  in 
the  current  to  set  up  a  changing  magnetic  field  and  the  con- 
sequent counter  E.  M.  F. 

37.  In  formula  3,  the  quantity  A\  which  multiplied  by 
the  current  C  gives   the  E.   M.   F.   required  to   overcome 
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sistance,  is,  of  course,  the  ohmic  reslsUiiiceof  thu  tircuit. 

e  resistance  that  the  wire  offers  on  account  of  its  inhcr- 

t  properties  as  a  conductor ;  this  resistance  depends  on  the 

ingth,  cross -sect  ion,  and  quality  of  the  wire  composing  the 

The  resistance  is  measured  in  ohms. 

Reaetaoce. — In  formula  4,  the  quantity  (i.2S3  w  A, 

1  multiplied  by  the  current  gives  the  component  of  the 

pplicd  E.  M.  F.  required  to  overcome  the  self-induction,  is 

;  pcttctanco  of  the  circuit.      It  depends  oij  the 

frequency  of  the  current  and  the  inductance  of  the  circuit, 

which  latter,  in  turn,  depends  on  the  amount  of  magnetism 

that    the    circuit    is    capable    of    setting    up    around    itself. 

^teactancc  also  is  expressed  in  ohms. 

Bf SP.  Import HMoe.  —  In  formula  5,  the  quantity 
^/i*  -t-  («.283  n  /-)*,  which  multiplied  by  the  current  gives 
the  impressed,  or  applied,  E.  M.  F.,  is  known  as  the  Impe- 
ilnncL-  of  the  circuit.  The  impedance,  as  seen  from  this 
formula,  depends  on  the  values  of  the  resistance  and  react- 
ance and  is  equal  to  the  square  root  of  the  sum  of  their 
squares.  As  seen  from  formula  6,  Ohm's  law  for  alterna- 
ig-current  circuits  containing  resistance  and  self-induction 
becomes 


applied  E.  M.  F. 
^''resi stance'  •}-  reactance' 


applied  E  M.F. 

impedance 


(9.) 


40.  Auglo  of  IMS — The  angle  «,  Figs.  47.  28,  and  -i'.i. 
is  the  angle  that  the  current  lags  behind  the  applied 
E.  M.  F.  because  the  current  is  in  phase  with  the  E.  M.  F. 
required  to  overcome  re- 
msunce.  It  is  evident 
^m  Pig.  StS  that  if  the 
reactance  is  large  cmn- 
pared  with  the  resistam 

ihf   angle   by   which   the  Jtetlitaner 

current  lags  liehind   Un-  '"■  '■■^■ 

impressed  E.    M.    !■'.   will  be   large,   and  the 
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reactance  on  the  current  will  be  large.     If,  on  the  other 

hand,  the  reactance  is  very  small  compared 
with  the  resistance,  the  angle  of  lag  will  be 
small,  as  shown  in  Fig.  29,  and  the  value  of 
the  current  is  determined  largely  by  the  resist- 
ance. If  the  reactance  becomes  zero,  the 
angle  of  lag  a  becomes  zero  and  the  impressed 
E.  M.  F.  comes  into  phase  with  the  current. 

41,  Coming  back  to  the  problem  shown  in 
Fig.  24,  we  can  easily  calculate  the  current 
that  the  100-volt  pressure  will  set  up  by  apply- 
ing formula  6.  We  will  suppose  that  the 
alternator  generates  an  E.  M.  F.  that  passes 
through  30  cycles  per  second.  We  have  then 
«  =  30,  Z=  1,  is  =  100,  /e  =  2; 

100 
hence,     C  = 


ft) 


Fig.  28. 


4/2'+  (0.283  X  30  X  1)' 
100 


=  .53  ampere.     Ans. 


|/4  +  (188.4:9)' 

If  no    inductance    were  present,   or    if  a    lOO-volt   direct 
E.  M.  F.  were  applied  to  the  coil,  the  current  would  be  ^\^- 


Mcsi  stance 

Fig.  20. 


Beactance 


=  50  amperes,  so  that  the  great  effect  the  self-induction  has 
on  the  flow  of  the  current  is  easilv  seen. 


EXAMPLKS   FOR  PKAC'TIC'K. 

1.  A  60-cyclc  alternator  is  connected  to  a  circuit  that  has  an  induct- 
ance of  .05  henry  and  a  resistance  of  10  ohms;  what  E.  M.  F.  must  be 
supplied  by  the  alternator  to  force  a  current  of  10  amperes  through 
the  circuit  ?  Ans.  211^  volts,  approx. 

2.  A  1,000-volt  125-cycle  alternator  sends  a  current  through  a  cir- 
cuit having  a  resistance  of  10  ohms  and  an  inductance  of  .01  henry; 
what  is  the  value  uf  the  current  ?  Ans.  7. 80  amperes. 
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KFFKC'TH    OP    CAPACITY. 

43.     There  is  another  property  of  electric  circuits  that 

must  be  considered  in  connection  with  the  flow  of  alterna- 

fting  currents  and  that,  like  self-induction,  does  not  enter 

Vintu  the  consideration  of  the   flow  of  continuous  currents. 

iThis  is  the  property  which  most  circuits  possess  to  a  greater 

Bor  less  degree,  of  holding  a  certain  charge  or  quantity  of  elec- 

Vtricity,  and  is  known  as  ckctrostatk  capacity;  in  some  cases 

(it  has  a  marked  influence  on  the  behavior  of  an  alternating 

-jcurrent  flowing  in  the  circuit.     The  capacity  of  most  cir- 

nits  met  in  practice  is  quite  small  in  comparison  with  their 

■resistance  and  inductance,  consequently   its  effect   is   not 

lally  so  noticeable;  however,  in  some  cases,  especially  in 

liindcrground  cable  work,  these  effects  become  important, 

f:}in<I  it  is  necessary  to  study  briefly  the  behavior  of  an  aller- 

Knating  current  when  capacity  is  present  in  the  circuit. 

If  capacity  is  needed  for  any  particular  purpose,  ft  is 
liiBually  made  up  by  taking  a  large  number  of  sheets  of 
tin-foil  and  separating  them  by 
Utcrnate  sheets  of  waxed  paper, 
:a,  or  other  insulating  material. 
The  whole  mass  is  pressed  tightly 
together,  one  set  of  sheets  consti- 
Pttiting  one  terminal  and  the  alter- 
nate set  the  other,  as  shown  in 
Fig.  30,  where/ represents  the  tin- 
oil  sheets,  I  the  insulating  mate-  ''"'■■  "'■ 
tial,  and  T  the  terminal  posts.  Such  an  arrangement  is 
ailed  a  oondi-iiBor.  It  should  be  noticed,  in  passing,  that 
ibere  is  no  electrical  connection  between  the  two  sets  of 
ihccts,  or  plates, 

43>  Long  transmission  lines  have  an  appreciable  capac- 
ity, the  two  wires  constituting  the  plates  of  the  condenser. 
md  the  ca]»acity  of  underground  cables  is  often  quite  large. 
n  the  latter  case,  the  copper  conductor  constitutes  one  plate 
[  the  condenser  and  the  outer  sheath  of  the  cable  the 
toher. 
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COXDENSER  CHARGES. 

44,  If  a  battery  be  connected  to  the  terminals  of  a  con- 
denser, as  shown  in  Fig.  31,  a  current  will  flow  into  it  and 

the  plates  will  become  charged.  This 
flow  of  current  will  be  a  maximum 
the  instant  the  E.  M.  F.  is  applied, 
but  will  rapidly  fall  off,  so  that  in  a 
small  fraction  of  a  second  the  cur- 
rent will  practically  have  ceased 
flowing  and  the  condenser  will  be 
charged.  This  will  be  the  state  of 
affairs  so  long  as  the  condenser  re- 
'    *  mains  connected  to  the  battery ;  i.  e. , 

except  for  the  instant  when  the  battery  is  first  connected, 
no  current  will  flow,  and  the  circuit  will  act  simply  as  if  it 
were  broken.  The  condenser  acts  as  if  it  had  acquired  a 
counter  E.  M.  F.  that  tends  to  keep  out  the  current,  and 
this  counter  E.  M.  F.  becomes  greater  until,  when  the  con- 
denser is  charged,  it  is  equal  and  opposite  to  that  of  the 
battery.  If  the  battery  be  disconnected  and  the  terminals 
of  the  condenser  connected  together,  the  charge  will  flow 
out  and  will  result  in  a  current  of  short  duration.  This 
current  will  be  a  maximum  when  the  terminals  are  first 
connected,  but  it  soon  falls  to  zero. 

45.  If  a  condenser  be  connected  to  a  source  of  alterna- 
ting E.  M.  F.  the  condenser  will  be  alternately  charged  and 
discharged,  and  an  ammeter  inserted  in  the  circuit  will  give 
a  reading  the  same  as  if  the  current  were  actually  flowing 
through  the  condenser.  For  example,  if  an  alternator  is 
connected  to  a  long  transmission  line  that  has  considerable 
capacity,  or  to  a  long  stretch  of  imderground  cable,  it  will 
be  found  that  an  ammeter  in  the  circuit  will  indicate  a  cur- 
rent even  though  the  insulation  between  the  lines  may  be 
perfect.  This  current  is  known  as  a  cliar^ln^  cum^iit, 
because  it  represents  the  current  arising  from  the  charge 
that  the  cable,  or  line,  alternately  takes  up  and  discharges 
as  the  applied  E.  M.  F.  rises  and  falls. 
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The  effect  of  capacity  is  exactly  the  opposite  of  self- 
'  induction.  Capacity  tends  to  make  the  current  lead  the 
I  E.  M,  F.,  while  self-induction  tends  to  make  it  lag;  so  that 
I  if  both  are  present  in  a  circuit,  one  tends  to  neutralize  the 
t  other,  and  in  some  cases,  condensers  have  been  used  for  this 
I  purpose.  The  effects  of  capacity,  as  stated  before,  only 
ne  appreciable  on  long  lines  or  underground  systems, 
'  and  are  not  so  frequently  met  as  the  effects  of  self-induction. 
e  unit  of  capacity  is  the  ftiratl.  A  condenser  has  a 
'  capacity  of  1  farad  when  a  charge  of  1  ampere  flowing  for 
I  1  second  (i.  e.,  a  charge  of  1  coulomb)  raises  the  pressure 
across  its  terminals  1  volt.  In  other  words,  an  applied  pres- 
e  of  1  volt  is  able  fo  force  a  charge  of  1  coulomb  into  a 
I  condenser  that  has  a  capacity  of  1  farad.  The  farad  is  too 
large  a  unit  of  capacity  for  convenient  use,  so  the  mlcro- 
1  foratl,  or  one  one-millionth  of  a  farad,  is  used  in  practical 
1-worlc 


(POMTEB    EXPENIJED    IN   ALTERNATING-CTTItRENT 
CIKCTriTS, 

46.  If  a  continuous  current  C  flows  through  a  wire  of 
I  resistance  Ji,  the  wire  becomes  heated,  and  the  rate  at  which 
1  work  is  done  in  heating  the  wire  is  proportional  to  the 
i  sqtiare  of  the  current  t"and  to  the  resistance  R;  i.  e.,  watts 


'MVWV^AMfKH)H|l|'|l|l|lh 

L E, -I— B,-4- r,— 


L  expended  ; 


we   have  watts  =^  C  E. 


«  it  may  be  stated  that,  in  a  continuous-current  circuit, 
f  we  wish  lo  calculate  the  watts  expended,  we  multiply  the 
Bcurrent  C  by  the  E.  M,  F,  li  necessary  to  force  the  current 
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through  the  circuit.  This  is  also  true  in  a  circuit  where 
the  energy  expended  reappears  in  other  forms  than  heat. 
For  example,  we  might  have  a  direct-current  dynamo  /), 
Fig.  32,  sending  current  through  a  circuit  a  d  that  consists 
of  a  resistance  /?,  a  motor  J/,  and  a  storage  battery  B.  The 
total  power  expended  in  the  circuit  from  a  to  d  will  be  the 
product  of  the  current  C  and  the  E.  M.  F.  li  across  the  cir- 
cuit. Part  of  this  energy  =  C  E^  will  reappear  as  heat  in 
the  resistance  R^  another  part,  equal  to  6 /:,,  will  reappear 
as  work  done  by  the  motor  J/,  and  the  energy  expended  in 
the  battery,  C/i,,  will  be  stored  up  by  virtue  of  the  chemical 
reactions  that  are  caused  to  take  place  by  the  current. 

47,  If  an  alternating  current  be  sent  through  a  circuity 
the  power  expended  at  each  instant  is  given  by  the  product 
of  the  instantaneous  values  of  the  current  and  E.  M,  E.  It 
is  seen  at  once,  then,  that  the  phase  relation  between  the 
current  and  the  E.  M.  F.  will  have  an  important  bearing 
on  the  power  supplied,  because  the  value  of  the  E.  M.  F. 
corresponding  to  any  particular  value  of    the  current  will 
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Fio.  as. 


depend  altogether  on  their  phase  relation.  In  alternating- 
current  circuits,  therefore,  the  ])()wer  exi)ended  cannot  be 
obtained  by  sinij)ly  taking  the  product  of  the  volts  and 
amperes,  as  is  done  with  direct  currents.  The  effect  of  the 
difference  of  j)hase  between  the  current  and  the  E.  M.  F. 
on  the  power  expended  (^an  be  illustrated  by  means  of  the 
curves  shown  in  Figs.  ;J3  to  Wi^  inclusive.     Suppose  that  an 
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,  M.  F.  of  maximum  valuu  E  is  in  phase  with  a  current  of 

taximum  value  C,  as  shown  in  Fig.  33,  the  current  being 

presented  by  the  dot-and-dash  curve  c  and  the  E.  M.  F.  by 

be  dotted  cur\'e  e.     The  power  at  any  instant,  such  as  that 

Represented  by  the  point  «,  is  proportional  to  the  product  of 

ordinales  n  i  and  «  f  of   the  c  and  c  curves.      If   an 

Ordinate  h  g  is,  therefore,  erected  at  «  proportional  to  this 

idiict,  g  will  be  a  point  on  ihr  power  curve.     In  this  way 

^e  power  curve  shown  by  the  full  line  is  constructed,  and 

llie  way  in  which  the  power  supplied  to  the  circuit 

Eraries  with  the  E.  M,  F,  and  the  current.      It  should  be 

policed  that  in  this  case  (current  and  E.  M.  F.   in  phase) 

flie   power  curve  lies  wholly  above  the   horizontal;  that  is, 

Q)e  work  is  all  positive,  or,  in  other  words,  power  is  being 

nipplicd  to  the   circuit  at  every  instant.      This  would  be 

ihe  condition  if  the  current  were  flowing  through  a  non- 

^ductive  resistance. 

48.  Suppose,  however,  that  the  current  lags  behind  the 
'.  M.  F.  by  an  angle  less  than  ttO",  as  shown  in  Fig.  34. 
jphe  power  curve  is  here  constructed  as  before,  but  it  is 
I  longer  wholly  above  the  horizontal.  The  ordinate  f  g 
f  the  current  curve  is  positive,  while  at  the  same  instant 


chat  of  the  E.  M.  F.  curve  /"  c  is  negative,  consequently 
wir  product  is  negative,  and  the  corresponding  ordinate  of 
B  power  curve  is  below  the  horizontal.  This  means  that 
hlHng  the  intervals  of  time  /('  h'  and  c'  d,  ucgalivi-  work  is 
Ving  performed;  or,  in  other  words,  the  circuit,  instead  of 
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having  work  done  on  it,  is  returning  energy  to  the  system 
to  which  it  is  connected.  In  Fig.  35  the  angle  of  lag  has 
become  90°,  or  the  current  is  at  right  angles  to  the  E.  M.  F. 
In  this  case  the  power  curve  lies  as  much  above  the  axis  as 
below  it,  and  the  circuit  returns  as  much  energy  as  is 
expended  in  it.  The  total  work  done  in  such  a  case  is, 
therefore,  zero,  and  although  a  current  is  flowing,  this  cur- 
rent does  not  represent  any  energy  expended.  This  would 
be  nearly  the  case  if  an  alternator  were  supplying  current 


Fig.  85. 

to  a  circuit  having  a  small  resistance  and  a  very  large 
inductance,  as  in  this  instance  the  current  would  lag  nearly 
90°  behind  the  E.  M.  F.  The  primary  current  of  a  trans- 
former working  with  its  secondary  on  open  circuit  is  a 
practical  example  of  a  current  that  represents  very  little 
energy.  Such  a  current  at  right  angles  to  the  E.  M.  F. 
is,  for  the  above  reasons,  known  as  a  w^attless  current, 
because  the  product  of  such  a  current  by  the  E.  M.  F. 
does  not  represent  any  watts  expended. 


Fig.  m. 


49,     If  the  angle  of  lag  becomes  greater  than  90°,  the 
greater  part  of    the  work  becomes   negative,  as   shown  in 
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311.  If  the  angle  of  lag  becomes  180°,  as  in  Fig,  57, 
,  if  the  current  and  E.  M.  F.  are  in  opposition,  the 
I  work  done  is  all  negative,  and.  instead  of  the  alternator 
[doing  work  on  the  circuit  to  which  it  is  connected,  the 
I  circuit  is  returning  energy  to  the  alternator  and  running 
^  it  as  a  motor. 

SO.    The  curves  in   Figs.  33  to  37  show  the  value  of  the 

I  watts  expended  at  each  instant  for  different  values  of  the 

angle  of  lag.     What  we  usually  wish  to  know  is  the  average 

I  rate  at    which  energy  is  expended  and  not  the  rate  at  each 

I  instant,  the  above  curves  being  given  simply  to  show  the 

effect  of  the  lag  on  the  ptjwer  expended.     In  Fig.  3:S,  where 

the  current  and  the  E.    M.   F.  are  in  phase,  the  power  is 

always  positive  and  the  average  power  is  obtained  by  taking 

the   product   of    the   effective   values   of   the   current   and 

E.  M.  F.  in  just  the  same  way  as  with  a  direct  current.     In 


I  Pig,  86,  where  the  angle  of  lag  is  90°,  as  much  of  the 
[power  curve  is  below  the  line  as  above  it,  and  the  result  is 
I  that  the  average  power  is  zero.  In  Fig.  34,  the  average 
I  power  would  not  be  zero,  but  it  would  be  less  than  in 
}  Fig.  33.  It  is  quite  evident,  then,  that  the  true  power 
I  eipended  in  an  alternating-current  circuit  cannot  be 
L  obtained  by  simply  multiplying  the  current  and  E.  M.  F. 
I'together.  Another  factor  must  be  introduced  to  lake 
I  into  account    the  difference  in  phase  between   the  current 
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and  E.  M.  F.     This  quantity  is  known  as  the  poiver  fttctor, 
and  if  it  is  represented  by  /",  we  have 

lV=Cx  Bxf,         (10.) 

where  JV=  number  of  watts  actually  expended  in  the 

circuit ; 
Ji  =  E.  M.  F.  in  volts; 
C  —  current  in  amperes; 
/=  power  factor. 

The  product  C  X  .^  is  sometimes  called  the  volt-amperes, 
or  apparent  Avatts,  supplied  to  the  circuit,  while  IV  is  the 
actual  number  of  watts  or  real  watts  supplied.  It  follows, 
then,  from  formula  10  that 

-  real  watts  ,^  ^  . 

power  factor  = : — .  (11.) 

^  apparent  watts  ^       ' 

61.  For  continuous-current  circuits  and  for  alternating- 
current  non-inductive  circuits,  the  current  and  the  E.  M.  F. 
are  in  phase  and  the  power  factor  is  1.  The  watts  are, 
therefore,  obtained  by  simply  multiplying  together  the 
ammeter  and  voltmeter  readings.  Where  alternating-current 
motors  are  operated,  the  j)()wer  factor  may  he  less  than  1, 
say,  from  .SO  to  .\H).  The  power  factor  may  vary  from  1  to 
zero.  It  would  have  a  value  of  zero  in  case  the  E.  M.  F. 
were  at  right  angles  to  the  current,  as  shown  in  Fig.  35, 
because  there  the  actual  power  expended  is  zero;  although 
a  considerable  E.  M.  F.  and  current  may  be  present.  Of 
course,  a  zero  power  factor  is  seldom,  if  ever,  met  in  practice, 
but  power  factors  anywhere  from  .5  up  to  1  are  common.  The 
ptnver  factor  of  motors,  transformers,  and  other  alternating- 
current  devices  varies  to  some  extent  with  the  load.  The 
effects  of  a  low-power  factor  on  alternating-current  circuits 
will  be  considered  later.  For  the  present  the  student  should 
note  carefully  the  elTect  that  the  dift'erence  in  phase  between 
the  current  and  the  V..  M.  F.  has  on  the  power,  and  also 
that  the  product  of  volts  and  amperes  in  an  alternating- 
current  circuit  will  in  most  cases  give  a  number  of  apparent 
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watts  that  will  be  considerably  greater  than  the    number 
of  actual  watts. 

Example. — A  current  of  10  amperes  at  a  pressure  of  500  volts  is 
supplied  to  an  alternating-current  circuit  that  has  a  power  factor  .85; 
what  is  the  actual  number  of  horsepower  furnished  ? 

Solution. — From  formula  lO,  we  have 

jr=  10  X  900  X  .85  =  4,250, 

and  since  1  horsepower  =  746  watts, 

4  250 
H.  P.  =    '  7^  =  5.7,  nearly.     Ans. 


ALTERNATING  CURRENTS. 

(PART  3.) 

SINGLE-PHASE  ALTERNATORS. 


OKNERAL    CHARACTERISTICS. 

1.     Dynamo-electric  machines  used  for  the  generation  of 

Alternating  E.  M.  F.'s  are  known  as  alt«!rDntors.     It  was 

ihown  in   the  theory   of   the   dynamo   that   the   E,  M.  F. 

[enerated  in  the  armature  of  a  direct-current  dynamo  is 

BBsentially  alternating,  and  that  the  commutator  is  supplied 

I  preserve   the   relation   of 

iie  external  circuit  so  that 

current    in    it     may    be 

jircct,     It  follows,  therefore, 

t  if  the  proper  terminals  of 

,   continuous-current   arma- 

■  were  connected  to  two     

icXot  rings  in  place  of  a  '^^H. 
mutator,  the  current  fur- 
ished  would  be  allernatltig. 
the    majority   of    cases, 
lowcver,     alternator    arma-  f^ 
i  are  not  wound  in  the 
i  way  as  are   those  for 
K>ntinur>us  current,  and  the    k 
M.   F,  is  more   generally  ^ 
dttced  by  moving  a  set  of 
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coils  past  pole  faces  rather  than  by  revolving  loops  or  coils, 
as  is  done  in  direct-current  drum  armatures.  In  other 
words,  the  movement  of  the  coils  is  best  looked  on  as  one  of 
translation  rather  than  rotation.  As  an  example  of  this, 
consider  a  horseshoe  electromagnet,  shown  in  Fig.  1.  When 
such  a  magnet  is  ej^cited  by  means  of  the  coils  on  its  two 
limbs,  lines  of  force  flow  from  the  north  pole  N  into  the 
south  pole  wV,  as  indicated  by  the  arrows.  The  two  pole 
faces  are  shown  in  the  lower  diagram,  and  the  rectangular 
coil  of  wire  C  is  supposed  to  be  moved  across  the  pole 
face  iVto  the  position  shown  by  the  dotted  outline  in  front 
of  S.  When  the  coil  is  in  the  position  shown  under  the 
north  pole,  a  small  movement  of  the  coil  to  the  right  will 
not  cause  a  very  large  change  in  the  number  of  lines  thread- 
ing it,  consequently  only  a  small  E.  M.  F.  will  be  induced. 
While  the  conductors  are  moving  under  the  pole  pieces,  the 
E.  M.  F.  will  be  practically  uniform  if  the  field  is  uniform, 
and  when  the  coil  has  reached  the  position  shown  by  the 
dotted  line,  the  E.  M.  F.  will  again  be  zero.  The  E.  M.  F. 
has,  therefore,  passed  through  one  alternation,  or  half  cycle, 
while  the  coil  has  been  moved  through  the  distance  a  b. 
This  E.  M.  F.  curve  may  be  of  the  shape  shown  in  Fig.  2, 

the  portion  at  y  being  fairly  uniform 
while  the  conductors  are  moving  under 
the   poles;    or   it   may  have  a  different 

*  ^       shape,   depending  on  the   shape   of  the 

Fig  2  '111'  \-\  1 

•   •  coil   and  pole  pieces  as  well  as  on  the 

way  in  which  the  magnetic*  lines  are  distributed.     No  matter 

what   may  be   the  shape  of  the  curve  a y  b,  the  E.  M.  F. 

[>asscs  through  one  alternation  wJien  the  eoil  is  moved  a  dis- 

tanee  equal  to  that  from  the  eenter  of  one  pole  to  the  center  of 

the  next.     If  the  coil  ^  "  be  y 

moved  back  from  S  to  X^ 

the  same  set  of  values  of 

the  v..  ^I.  V .  is  trencratcd      a  ~ 


in  the  <)pj)osite  direction; 
hence,  by  moving  the  coil 
from    J.V   to    ^'  and   back,  fig.  3. 


I" 
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phe  E.  M,  F.  passes  through  one  complete  cycle,  as  shown 
1  Fig.  3.  The  arrangement  shown  in  Fig.  1  would,  there- 
re,  constitute  an  elementary  alternator,  and  the  E.  M.  P. 
luld  be  set  up  by  movements  of  the  coil  back  and  forth 
icross  the  pole  faces,  there  being  no  rotation  at  all. 
[ostead  of  moving  the  coil  back  and  forth,  the  same 
.  could  be  produced  by  moving  the  coil  forwards. 
mtinuously,  in  front  of  a  row  of  poles,  as  shown  in 
.  i.  As  the  coil  C  moves  past  the  poles,  it  cuts  the 
s  of  force  first  in  one  direction  and  then  in  the  other, 


(bus  producing  the  alternating  E.  M.  F.  represented  by  the 
e  below.  It  should  be  noted  that  while  the  coil  moves 
jirough  the  distance  between  one  north  pole  and  the  next 
lole  e/t/it  same  polarity,  the  E.  M,  F.  passes  through  one 
[nplete  cycle.  The  distance  from  a  to  r,  therefore,  corre- 
•nda  to  360"  on  the  E.  M.  F.  curve,  and  a  b  to  180°.  For 
r  pair  of  poles  passed,  the  E.  M.  F.  passes  through  a 
■mptete  cycle  of  values;  hence  it  follows  that  the  number 
cits  per  seeonii  or  the  frequency  of  nu  alternator  is  equal 
e  number  of  pairs  of  poles  that  [lie  armature  7ciniling 


•III.      If  the  number  of  poles  o 


the 


ichine 
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is  /,  the  number  of  pairs  of  poles  is  ^,  and  if  the  coil  is 

moved  past  the  poles  s  times  per  second,  the  frequency  n 
will  be 

n  =  ls.  (1.) 

2.  Instead  of  the  single  coil  C,  Fig.  4,  being  used  by 
itself,  three  other  coils,  shown  dotted,  might  be  connected 
in  series  or  parallel  with  C  and  the  four  moved  together  in 
front  of  the  poles.  If  the  coils  were  connected  in  series,  it 
is  evident  that  the  total  E.  M.  F.  produced  would  be 
increased,  because  all  the  E.  M.  F.  's  generated  in  the  turns 
of  the  different  coils  would  be  added  up.  If  they  were  con- 
nected in  parallel,  the  E.  M.  F.  would  be  the  same  as  that 
produced  by  the  single  coil,  but  the  current-carrying  capac- 
ity would  be  increased,  because  there  would  then  be  four 
circuits  to  carry  the  current  in  place  of  one.  It  should  be 
noted  particularly  that  no  matter  how  many  coils  there  are 
or  how  they  are  connected  together,  the  frequency  remains 
the  same  so  long  as  the  speed  s  and  the  number  of  poles  is 
constant.  In  other  words,  the  frequency  of  an  alternator 
docs  not  depend  on  the  way  in  which  the  armature  is  wound. 
Connecting  the  coils  in  series  is  equivalent  to  making  the 
winding  of  one  coil  of  a  large  number  of  turns;  connecting 
them  in  parallel  amounts  to  the  same  thing  as  winding  in 
one  coil  with  a  heavy  conductor.  As  long,  therefore,  as  the 
coils  are  all  moved  simultaneously,  as  is  always  the  case,  the 
frequency  is  not  affected  in  any  way  by  the  scheme  adopted 
for  winding  and  connecting  up  the  armature. 

3.  It  is  evident  that  an  alternating  E.  M.  F.  would  be 
set  up  in  the  coil  or  set  of  coils,  Fig.  4,  if  the  magnet  were 
moved  and  the  coils  held  stationary.  Also,  both  coils  and 
magnet  might  be  stationary  and  an  E.  M.  F.  still  be  induced 
by  causing  the  lines  of  force  threading  the  coils  to  vary. 
These  three  methods  give  rise  to  the  following  three  classes 
of  alternators: 


Those  in  which  the  arnialiire  cnils  arc  movtd  relatively 
c  field  magnet. 
Those  ill  which  the  field  is  moved  relatively  to  a  fixed 
mature. 

Those  in  which  the  magnetic  (lii.x  passing  through  a 
bed  set  of  coils  is  made  to  vary  by  moving  masses  of  iron, 
tfled  inductors,  [last  them. 

r  conveniencK  in  referring  to  alternators,  we  will  sup- 
■■  that  the  armature  is  the  revolving  part  and  that  the 
i  fixed,  though  it  must  be  remembered  that  actual 
ichines  may  be  built  with  any  of  the  three  arrangements 
lent  ion  ed  above. 


CONSTIIUCTION    or    AI-TERXATOIW. 

4.    The  most  common  type  of  alternator  is  that  in  which 

B  coils  are  mounted  on  a  drum  and  revolved  in  front  of  a 

magnet  consisting  of  a  number  of  radial  poles.     Alternator 

armatures  may  be  of  the  ring,  drum,  or  disk  type,  but  the 

drum   style  is   used  almost   exclusively  in  America.      If  we 

KipposG  the  poles.  Fig.  4,  to  be  bent  into  a  circle  and  the 

ills  mounted  on  a  drum  revolving  within  the  poles,  we  will 

;  one  of  the  most  common  types  of  alternators.     This 

Jigement  is  shown  in  Fig.  S,  except  that  in  this  case  the 

icbine  is  provided  with  eight  radial  poles  and  eight  coils 

B  the  armature,  giving  a  style  of  winding  in  common  use 

■  machines  used  on  lighting  circuits.     In  this  case  there 

B  as  many  coils  on  the  armature  as  there  are  poles  on  the 

tschine;  but  a  winding  might  easily  be  used  in  which  there 

would  be  only  half  as  many  coils  as  poles.     There  is  a  large 

ii-ariety  of  windings  suitable  for  alternators,  and  the  designer 

must  select  the  one  best  suited  to  the  work  that  the  machine 

£ill  have  to  do.      In  Fig.  5  the  coils  Tare  shown  bedded  in  the 

Sf  on  the  circumference  of  the  iron  core  /'  which  is  built 

iron  stampings.     These  coils  arc  heavily  taped  and 

lulated  and  are  secured  in  place  by  hardwood  wedges  w. 

J.   II.— I  i 
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This  makes  a  style  of  armature  not  easily  injured,  and  the 
use  of  the  dovetailed  slots  and  wooden  wedges  does  away 
with  the  necessity  of  band  wires.  As  the  armature  revolves, 
the  coils  sweep  past  the  pole  faces,  and  the  E.  M.  F.  is 
generated  in  the  manner  shown  in  Fig.  4,  i.  e.,  the  move- 
ment of  the  coits  relative  to  the  pole  pieces  becomes  one  of 
translation  rather  than  of  rotation. 


^TT^ 


5.    Alternators  are  X'^'i'-'''"lly  ■" 

iltuge,  and,  in  cnnscqiiL-m-c,  thi^ 

in  series.      Can-  inusl  In 

(iin^js  to  set'  that  the  roils  an- 

E,  il.  K.-s  ojiposL-  »nv  uiiotho 

11  of  the  winding,  the  niannur 


l;iki 


[[iiired  to  furnish  a  high 
coils  iiTti  usually 
cnnt-cting  such 
■ted  that  none  of 
lyinjf  (Hit  a  dia- 
1  iht'  coils  must 
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be  connected  will  be  easily  seen.  This  has  been  dime  in 
Pig.  (i,  which  shows  diagrammatically  the  winding  of  the 
armature  in  Fig.  5.  The  coils  are  represented  by  the  heavy 
sector-shaped  figures  and  the  connections  between  them  by 
the  lighter  lines.  The  circles  in  the  center  represent  the 
collector  rings  of  the  machine  and  the  radial  lines  that  part 
of  the  coil  that  lies  in  the  slot,  that  is,  the  part  in  which  the 


I,  M.  T.  is  generated.  The  circular  arcs  joining  the  ends 
E  the  radial  lines  represent  the  ends  of  the  coils  that  pro- 
BCt  beyond  the  laminated  armature  core. 

The  drawing  is  made  to  show  the  coils  at  the  instant  the 
Ibndactors  in  the  slots  are  opposite  the  centers  of  the  pole 

sees.  Aj  this  instant  the  E,  M.  F.  will  be  assumed  to  be 
t  its  maximum  value,  and  we  will  s?\ppose  that  ihe  direction 
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of  rotation  is  such  that  the  conductors  under  the  north  poles 
have  their  E.  M.  F.  *s  directed  from  the  back  of  the  armature 
towards  the  front.  These  E.  M.  F/s  will  be  denoted  by  an 
arrowhead  pointing  towards  the  center  of  the  circle,  since 
the  inner  end  of  the  radial  lines  represents  the  front  or 
collector-ring  end  of  the  armature.  The  E.  M.  F.'s  in  the 
conductors  under  the  south  poles  must  be  in  the  opposite 
direction,  or  pointing  away  from  the  center.  After  having 
marked  the  direction  of  these  E.  M.  F.  *s,  it  only  remains  to 
connect  the  coils  so  that  the  current  will  flow  in  accordance 
with  the  arrows.  Starting  from  the  collector  ring  R  and 
passing  through  the  coils  in  the  direction  of  the  arrows,  it  is 
seen  that  the  connections  of  every  other  coil  must  be 
reversed;  i.  e.,  if  i,  i',  ^,  2\  etc.  represent  the  terminals  of 
the  coils,  i'  and  2*  must  be  connected  together,  also  2  and  ^, 
and  so  on.  The  end  8  is  connected  to  the  other  collector 
ring  and  the  winding  thus  completed.  The  connections  of 
such  a  winding  are  quite  simple;  but  if  not  connected  with 
regard  to  the  direction  of  the  E.  M.  F.'s,  as  shown  above, 
the  armature  will  fail  to  work  properly.  For  example,  if  f 
were  connected  to  ^,  2'  to  ^,  and  so  on  around  the  armature, 
the  even-numbered  coils  would  exactly  counterbalance  the 
odd-numbered  ones  and  no  voltage  would  be  obtained 
between  the  collector  rings.  Of  course,  in  this  case  all  the 
coils  are  supposed  to  be  wound  in  the  same  direction,  as  is 
nearly  always  done  in  practice.  The  connections  shown  in 
the  diagram,  Fig.  0,  are  shown  between  the  coils  in  Fig.  5. 
It  should  be  noted,  in  passing,  that  this  constitutes  an  open- 
circuit  winding;  that  is,  the  winding  is  not  closed  on  itself, 
like  that  of  a  continuous-current  drum  or  ring  armature. 
A  large  number  of  alternator  windings  are  of  the  open- 
circuit  type,  which  is  well  adapted  for  the  production  of 
high  voltages,  because  it  admits  of  a  large  number  of  turns 
being  connected  in  series. 

6.  Most  alternating-current  dynamos  of  the  revolving- 
armature  and  stationary-field  type  arc  built  on  much  the 
same  lines  as  direct-current  multipolar  machines.     Usually, 
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mwever,  they  have  a  larger  number  of  pfiliis.  Pig.  1  shows 
non  type  of  alternator  having  a  revolving  armature  a 
tnd  a  stationary  field  /.  with  inwardly  projecting  poles  on 
hich  are  placed  the  spofds  s.  This  is  an  eight-pole  machine 
with  an  armature  winding  similar  to  that  shown  in  the  dia- 
gram. Fig.  (S.  The  two  collector  rings  r,  r'  are  seen 
mounted  on  the  end  of  the  shaft  outside  the  bearing,  and 


e  connected  to  the  armature  winding  by  heavily  insulated 

bids  that  pass  through  a  hole  in  the  shaft.     Some  machines 

Uive  the  collector  rings  on  the  armature  side  of  the  bearing, 

ius  avoiding  the  necessity  of  bringing  the  wires  through 

lilie  shaft  but  making  the  distance  between  the  centers  of  thi 

tarings  greater. 

r9.    The   number  of    poles   on   these   machines  is    made 
frgc,  in  order  to  obtain  the  necessary  frequency  without 


• 


mning  the   machine  at  too   high  a  speed.     It  i 


ident  J 


from  wiidi  nas  been  previously  pointed  out  that  for  ever 
revolution  of  the  armature,  the  E.  M.  F.  passes  through  a 
many  complete  cycles  as  there  are  pairs  of  poles,  and  the  frt 


t 

i 


quency  will  be   «=      s,  where  / 

i—  revolutions  of  the  armature  per  second. 
We  have  then, 


(S-) 


her  of  poles  and 


Therefore,  with  a  given  frequency  «,  the  number  of  poles 
~  must  be  made  large  if  the  speed  s  is  to  be  kept  down.  For 
,  example,  if  an  alternator  has  eight  poles  and  runs  at  a  speed 
.  of  900  revolutions  per  minute,  its  frequency  will  be  j  x  Vo" 
'.  =  tio  cycles  per  second.  If  we  attempt  to  obtain  a  frequency 
of   00,   which  is  a  very  common  one,   by  using  a  two-pole 

machine,  its  speed  must  be  j  =  — ^ — » or  tiO  revolutions  per 

|r  second,   or  3,600   revolutions   per  minute,  which   speed  is 
altogether   too   high    for   a   machine   of    any   considerable 


8.    The  distance  <■/,  Fig.  8,  from  the  center  of  one  pole 
piece  to  the  center  of  the  next  is  called  the  pltcU  of  the 
alternator.     The   relation  between 


:u 


E^ 


the  pitch  and  the  width  of  the  pole 
face  A  varies  in  different  makes  of 
machines,  but  in  a  large  number  of 
American  alternators  the  distance 
/i  between  the  poles  is  made  equal 
I  I         to  the  width  of  the  pole  face  i^,  or  J 

''"^'  ^  the  pitch,  and  the  pole  pieces  cover 

50  per  cent,  of  the  armature.  The  shape  of  the  E.  M.  F, 
curve  is  determined  largely  by  the  relati  ve  shape  of  the  coils 
and  pole  pieces  and  by  the  way  in  which  the  conductors  are 
disposed  on  the  surface  of  the  armature. 
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1>.     The  width  of  the  opening  IT  in  the  coil  should  r 
general,  be  much  less  than  the  breadth  of  the  ,-^ 

pole  piece  A.  It  has  been  found  that  it  may 
be  slightly  less  without  doing  any  harm;  but 
if  made  too  narrow,  trouble  is  likely  to  arise 
because  the  E.  M.  F.'s  induced  in  different 
conductors  of  the  same  coil  are  opposed  to 
e.ich  other,  thus  cutting  down  the  total 
E.  M.  F.  generated. 

This  will  be  seen  by  referring  to  Fig.  9, 
where  a  coil  of  three  turns  is  shown  with  its 
width  of  opening  (('less  than  the  polar  width 
A.  When  the  coil  moves  across  the  pole  face 
in  the  direction  of  the  arrow,  the  E.  M.  F.'s 
induced  in  the  two  conductors  «  and  if  will  '''"' ' 

both  be  in  the  same  direction,  because  they  both  cut  lines  of 
force  in  the  same  way.  The  consequence  is  that  these  two 
E.  M.  F.'s  oppose  each  other,  as  will  be  readily  seen  by  fol- 
lowing the  arrowheads.  When  an  alternator  is  loaded,  the 
mature  reaction  causes  the  magnetism  to  crowd  more  or 
ess  towards  one  side  of  the  poles,  thus  practically  reducing 
ihc  width  of  the  magnetic  flux,  and  on  account  of  this  it  has 
)ecn  found  possible  to  make  the  width  tV  a  little  less  than 
I  without  bad  results.  Usually,  however,  the  width  of  the 
>ening  is  nearly  equal  to  that  of  the  pole  face, 
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to.  In  most  alternating-current  systems,  the  voltage  at 
Bc  points  where  the  current  is  distributed  is  kept  constant, 
nearly  so.  This  means  that  the  voltage  at  the  terminals 
t  the  alternator  must,  as  a  rule,  rise  slightly  as  the  load 
iomcK  on,  the  amtmnt  of  rise  depending  on  the  loss  in  the 
le.  At  any  rate,  the  voltage  at  the  terminals  must  not 
rop  ofl,  and,  as  it  has  been  shown  that  with  a  constant  field 
[Citation  the  voltage  will  fall  off  with  the  load,  it  becomes 
icessary  lo  increase  the  strength  of  the  field  magnets  as  the 
rent  output  of  the  machine  incrcaser^     For  accomplishing 
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this  there  are  two  methods  in  use,  which  are  analogous  to 
those  used  for  the  regulation  of  shunt-wound  and  compound- 
wound  continuous-current  machines. 

11.  The  simplest  method  is  that  indicated  by  the  dia- 
gram, Fig.  10.  W  represents  the  armature  winding,  the 
terminals  7",  T  of  which  are  connected  to  the  collector 
rings  Rj  R\  which  connect  to  the  line  by  means  of  the 
brushes  g^  //.  The  field  is  excited  by  a  set  of  coils  on  the 
pole  pieces  represented  by  C,  and  current  is  supplied  to  these 

^WWVWW 


Line. 


Line. 


Fig,  10. 

from  a  small  continuous-current  dynamo  or  exciter  E. 
This  is  a  small  shunt-wound  machine  having  an  adjustable 
field  rheostat  r  in  its  shunt  field  f.  An  adjustable  rheo- 
stat R  is  placed  also  in  the  alternator  field  circuit.  When 
the  voltage  drops,  the  fields  may  be  strengthened  by  adjust- 
ing the  resistances  R  and  r. 

12.  The  second  method,  shown  in  Fig.  11,  varies  the  ex- 
citation of  the  field  in  proportion  to  the  current  that  the 
machine  is  supplying,  and  thus  automatically  keeps  up  the 
voltage.     Each  field  coil  in  this  case  consists  of  two  windings 


^^s^=^^^, 


represented  bv  the  heavy  coil  .S";  and  since  this  c:iuses  the 
magnetism  to  increase,  the  machine  maintains  its  voltage. 
The  separately  excited  cnils  set  up  the  magnetism  necessary 
fur  the  generation  of  the  voltage  at  no  load,  and  the  series 
coils  furnish  the  additional  magnetism  necessary  t"  supply 
the  voltage  to  overcome  the  armature  impedance  and  com- 
pensate for  the  drop  in  the  line. 

13.  The  current  flowing  in  these  series  coils  must  not  be 
alternating,  because  if  it  were  it  would  tend  to  strengthen 
the    poles  one    instant    and  reverse  them  the  next,  and  on 
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this  account  the  current  must  be  rectified  before  it  is  sent 
around  the  field. 

This  is  accomplished  by  means  of  the  commutator,  or 
rectifier,  C  C\  which  is  mounted  on  the  shaft  alongside 

the  collector  rings.  It  consists  of  two  cast- 
ings Ci  C*  (shown  developed  in  the  figure) 
that  are  fitted  together  and  form  a  com- 
mutator of  as  many  sections  as  there  are 
poles  in  the  machine.  The  alternate  sec- 
tions are  connected  by  the  conductors  r,  c\ 
as  shown  in  Pig.  12,  the  light  sections 
belonging  to  one  casting  C  and  the  dark 
to  the  other  C.  Two  brushes  dfand  r,  which 
press  on  the  commutator,  are  so  arranged  that  one  is 
always  in  contact  with  C  while  the  other  touches  C,  The 
connections  are  as  shown  in  the  diagram.  One  terminal  T 
of  the  armature  winding  connects  directly  to  the  ring  R 
and  thence  to  the  line.  The  other  terminal  T'  connects  to 
one  side  of  the  rectifier  C,  and  the  other  side  C  is  con- 
nected to  the  remaining  ring  R\  By  following  the  direc- 
tion of  the  current,  it  will  be  seen  that  while  the  rectifier 
causes  the  current  to  flow  in  the  same  direction  in  the 
series  coils  S^  it  still  remains  alternating  in  the  line  circuit. 
Take  the  instant  when  the  coils  occupy  such  a  position  that 
the  current  is  flowing  from  the  terminal  T  and  mark  the 
direction  of  flow  in  the  different  parts  of  the  circuit  by  the 
closed  arrowheads.  The  current  will  flow  on  the  line  Z,  back 
on  J/  to  C\  through  5,  flowing  from  left  to  right,  back  to  C, 
and  thence  back  to  the  armature.  When  the  armature  has 
turned  through  a  distance  equal  to  that  between  two  poles, 
the  current  will  be  flowing  in  the  opposite  direction,  as  indi- 
cated by  the  open  arrowheads;  that  is,  it  will  be  flowing  out 
from  T  to  C,  from  C  it  will  go  to  the  brush  c  instead  of  //, 
because  it  must  be  remembered  that  the  rectifier  has  turned 
through  the  same  angle  as  the  armature,  and  hence  d  has 
slid  from  C  on  to  C.  From  c  the  current  flows  through  S 
in  the  sajfic  direction  as  before  back  to  C\  out  on  the 
line  J/,  and  back  on  /.  to  1\     The  action  of  the  rectifier  is. 


ALTERNATmCT  CURRENTS. 


IS 


dcfly,  to  keep  chanjiiriK  the  connections  of  d  and  <■  as 
tht  current  changes,  thus  keeping  the  current  in  .S'  in  the 
same  direction  while  it  remains  alternating  in  the  line. 
Usually  the  brushes  i/,  c  are   placed  on  the  commutator  as 

lown  byrfand  e'.  Fig.  13,  in  order  to  have  them  farther 
their  action,  however,  being  the  samr-  A  shunt 
kBistance  5'  is  usually  placed  across  the  coils  i~,  in  order  lo 
Mjust  the  compounding  o£  the  machine  to  suit  the  circuit  on 
bhich  it  is  to  work,  since  by  varying  5',  the  percentage  of 

e  total  current  passing  around  the  field  can  be  changed. 

14.  Another  method  is  used  in  which  the  main  current, 
hstead  of  passing  through  the  rectifier  and  series  coils, 
rarough  the   primary  of  a  small  transformer  carried 

,  the  armature.  The  secondary  of  this  transformer  is 
pnnectcd  tu  the  rectifier  and  supplies  the  series  field  with 
H  current  that  varies  directly  with  the  load.  This  method 
|l  used  largely  on  Westinghouse  machines. 


nEVOr-VTNG-FlELD    AND    IXniTCTOU 
AiTERNATOItS. 

\  1J5.     It  has  been  mentioned  previously  that  it  mat 
ifercnce  in  the  case 
fan  alternator 
fhelher  the  field  or 

mature  is  the  re- 
jolving  part.      It  is 

■dly  practicable  to 
^ke  a  direct-cur- 
tnt  dynamo  with  a 

rolving  field  and  a 

itionary  armature, 

rause  it  is   neces- 

jrtbatthc  brushes 
^uld  always  press 

,  the   commutator 


certain     ncinral 


no. 
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points  that  bear  a  fixed  relation  to  the  field,  and  the  brushes 
would,  therefore,  have  to  revolve  with  it.  This,  of  course, 
would  be  impracticable,  because  it  is  often  necessary  to  get 
at  the  brushes  while  the  machine  is  running.  In  an  alter- 
nator the  brushes  pressing  on  the  collector  rings  do  not  have 
to  bear  any  fixed  relation  to  the  field,  consequently  there  is 
no  objection  to  the  use  of  a  fixed  armature,  the  current  from 
which  can  be  carried  off  by  leads  connected  to  the  winding. 
Two  collector  rings  are  necessary  for  carrying  the  exciting 
current  into  the  revolving  field,  so  that  the  use  of  the  sta- 
tionary armature  does  not  do  away  with  moving  contacts. 
The  revolving-field  type  has  an  advantage  in  that  the  arma- 
ture, being  stationary,  is  easy  to  insulate  for  high  voltages. 
This  construction  also  admits  of  the  ready  use  of  armatures 
of  large  diameter,  thus  rendering  such  machines  particularly 
adapted  to  slow  speeds.  Fig.  13  shows  a  large  revolving- 
field  alternator. 

16,  In  the  inductor  type  of  alternator,  the  collector 
rings  for  supplying  current  to  the  field  may  be  done  away 
with  and  a  machine  obtained  that  has  no  moving  contacts 
whatever.  In  this  class  of  machine,  a  mass  of  iron  or 
Inductor  with  projecting  poles  is  revolved  past  the  station- 
ary armature  coils.  The  magnetism  is  set  up  by  a  fixed 
coil  encircling  the  inductor,  and  as  the  iron  part  revolves 
the  magnetism  sweeps  over  the  face  of  the  coils,  thus  caus- 
ing an  E.  M.  F.  to  be  set  up. 


TAVX)-PIIASP]    Ar.TEll>"ATOR8. 

17«  Since  a  two-phase  machine  delivers  two  currents 
differing  in  phase  by  9()'\  it  follows  that  the  two  windings 
on  its  armature  must  be  so  arranged  that  when  one  set  is 
delivering  its  maximum  E.  M.  F.,  the  E.  M.  F.  of  the  other 
set  is  passing  through  zero.  It  has  been  shown  that  while 
the  coils  move  from  a  point  opposite  the  center  of  one  pole 
piece  to  a   point   opposite  the  next  pole  piece  of  the  same 
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iarity,  the  E.  M.  F.  passes  through  one  complete  cycle; 
re,  if  the  E.  M,  F.'s  generated  by  the  two  sets  of  coils 
'.  to  be  displaced  90".  or  \  cycle,  with  reference  to  each 
,  it  follows  that  one  set  of  coils  must  be  placed  one-half 
the  pitch  behind  the  other.  This  brings  one  set  of  conduct- 
ors under  the  poles  while  the  other  set  is  midway  between 
them. 


.  14  represents  a  two-phase  winding  having  one  group 
ductors  or  one-half  a  coil  per  pole  per  phase.  One 
B  is  made  up  of  the  four  coils  A,  which  are  connected  in 
;,  and  the  terminals  a,  a'  brought  out  to  the  collector 
I  1,  2.  The  four  coils  B,  which  make  up  the  second 
:,  are  als>)  connected  in  series,  and  the  terminals  b,  ti' 
iched    to    the  light    collector   rings   J,   i.      The    angular 
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distance  by  which  the  center  of  set  B  is  displaced  from  set  A 
ivalent  to  90°,  or  J  cycle,  as  indicated  in  the  figure, 
the  angular  distance  from  .V  to  N  being  equivalent  to  360°, 
*r  one  complete  cycle. 


w^       — 


THnEE-PHAHE   ALTKUX ATOBH. 

18.  The  requirement  of  a  three-phase  armature  wind- 
ing is  that  it  shall  furnish  three  E.  M.  F.'s  differing  tn  phase 
by  120°,  or  one-third  of  a  complete  cycle.     This  can  be  done 


by  furnishing  the  armature  with  three  sets  of  windings  dis- 
placed 120°  from  each  other.  This  means  that  phase  No.  2 
must  be  one-third  the  angular  distance  from  one  north  pole 
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to  the  next  north  pole  behind  phaiie  No.  I,  and  also  that 
phase  No.  :)  shall  be  displaced  a  simitar  angular  distance 
behind  No.  2. 

On  many  actual  machines  three  sets  of  windings  are  used 
that  are  displaced  on  the  armature  a  distance  equivalent 
to  fiO°  instead  of  120°.  One  of  these  windings  is,  however, 
reversed  so  as  to  make  the  three  E.  M.  F.'s  delivered  at  the 
terminals  of  the  machine  ditfer  in  phase  by  120°. 


19.  Fig.  1.5  shows  a  thrcc-iihasc  windinj;  having  ont'-hi'If 
coil  or  one  group  of  i.-ondiii-t<)rs  per  poli;  per  phasi-.  This  is 
the  three-phase  win(lin^]:  iorrfs])iinilinn  U<  thi-  two-phase 
arrangement  shiuvii  in  Kin.  '  '■  '''k'  winding  i-unsists  of 
three    distinct    sets    of    coils    .(,    />',    and    C.      The    angular 
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distance  from  the  center  of  coil  BtoA  is  equivalent  to  120^, 
or  is  one-third  the  distance  from  N  to  N;  also  the  coil  C  is 
displaced  the  same  distance  behind  B.  Each  of  these  three 
sets  is  connected  in  series,  leaving  the  three  pairs  of  termi- 
nals a,  a' ;  if  t';  r,  c\  The  coils  are  shown  diagrammatically 
in  Fig.  16,  phase  /  being  represented  by  the  heavy  lines, 
phase  J^.by  the  dotted,  and  phase  3  by  the  light  full  lines. 


STAR  AND  DBLTA  CONNBCTIONS. 

SO.  It  has  been  shown  that  the  three  windings  of  a  three- 
phase  alternator  can  be  interconnected  so  that  only  three 
collecting  rings  will  be  required.  There  are  two  methods 
by  which  this  may  be  done.  The  first  is  that  shown  in 
Fig.  17,  and  is  known  as  the  Y  or  "star  "  scheme  of  connec- 
tion.     The   coils  Fig.  16  are  connected  according  to  this 


Line 


SA 


Fig.  17. 

plan.  One  end  of  each  of  the  windinj^s  runs  to  a  common 
connection  A',  Fij^.  17,  or,  as  shown  in  Vi^.  IfJ,  the  termi- 
nals rt',  ^,  c  all  connect  to  the  same  common  connecting  ring. 
The  remaining  three  ends  of  the  three  groups  of  coils  are 
connected  to  separate  collecting  rings. 
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M()X<>t'VCLIC  ALTEKXATOU. 
1.    The  monocyclic  alternator,  brought  out  by  Stein- 
z,  is  intended  for  use  in  stations  where  the  greater  part 
[  the  load  consists  of  electric  lights,  but  where  it  is  also 
isired  to  have  a  machine  capable  of  operating  motors  as 
well.       In    cases    where 
the  motor  load  is  large, 
it  is  usual  to  use  a  reg- 
ular two-phase  or  three- 
phase  system. 

The  monocyclic 
alternator  is  really  a 
single-phase  machine 
having  a  modified  ar- 
mature winding.  The 
armature  is  provided 
with  a  set  of  coils  ( 
slitutii 

winding,  the  terminals 
hich  are  connected 
to  the  two  outside  col- 
addition  to  this  winding.  3 
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set  of  coils  is  provided,  that  are  placed  on  the  armature  90° 
behind  the  main  coils,  in  just  the  same  way  as  shown  for  the 
two-phase  machine.  Fig.  14.  This  second  set  is  unlike  those 
in  a  regular  two-phase  machine  in  that  the  number  of  turns 
in  the  **  teaser  coils,"  as  they  are  called,  is  only  one-fourth 
that  of  the  main  set,  and  one  end  of  the  teaser  set  is 
attached  to  the  middle  of  the  main  winding,  instead  of 
being  brought  out  to  a  collector  ring.  The  other  end  of  the 
teaser  winding  is  brought  to  the  middle  collector  ring,  as 
shown  in  Fig.  19.  This  second  winding  furnishes  an 
E.  M.  F.  displaced  90°  from  the  main  E.  M.  F.  and  of  one- 
quarter  its  value,  thus  furnishing  an  out-of-phase  pressure 
suitable  for  starting  motors.  If  it  is  desired  to  run  lights 
only,  the  two  outside  wires  alone  are  used,  it  being  neces- 
sary to  run  the  third  wire  only  to  places  where  motors  are 
used.  By  referring  to  the  figure,  it  will  be  seen  that  the 
E.  M.  F.  between  either  of  the  outside  and  the  middle  rings 
is  equal  to  |/(^if)'+  (i^)*  =  .  56 /i,  nearly.  For  example,  if 
the  main  winding  generates  1,000  volts,  the  pressure  between 
the  middle  and  outside  rings  will  be  5f)0  volts,  nearly. 

23.  Field  Kxcltatloii  of  Multiphase  and  3Ionoe.velle 
Alternatoi-s. — Multiphase  alternators  differ  very  little  from 
single-phase  machines  as  regards  their  field  excitation.  Most 
of  the  large-size  multiphase  machines  as  now  built  have 
revolving  fields  which  are  separately  excited.  No  rectifiers 
are  used  on  these  machines,  and  the  general  tendency 
seems  to  be  towards  discontinuing  the  use  of  rectifiers  and 
compound  windings,  especially  on  machines  of  large  output. 
When  a  compound  winding  is  used  on  Westinghouse  two- 
phase  machines,  it  is  supplied  from  the  secondary  of  a  trans- 
former carried  in  the  armature.  This  secondary  connects  to 
the  series  winding  through  the  rectifier.  The  primary  of 
the  transformer  is  provided  with  two  coils,  one  of  which  is 
connected  in  each  phase,  so  that  tlie  current  supplied  by  the 
secondary  is  proportional  to  the  loads  on  the  two  phases.  In 
the  General  Electric  monocyclic  machines,  the  rectifier  and 
series  coils  are   in   series  with  the  main  circuit,  as  already 
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lescri  bed  for  single -phase  machines.  In  the  case  of  thrcc- 
tse  miichiiics,  the  rectifier  is  frequently  connected  in  one 
e  only,  as  the  loud  is  usually  nearly  balanced.  In  other 
:s,  the  rectifier  is  arranged  so  that  the  current  of  each  line 
ws  successively  throujjh  the  series  winding. 


TRANSFOllMERS. 

2U.     One  of  the  principal  reasons  for  the  fact  that  con- 
current is  giving    place    so   largely   to  alternating 
inrrent  is  the  ease  with  which  the  latter  may  be  transmitted 
r  long  lines  at  high  voltages  and  then  be  transformed  at 
receiving  end  to  currents  of  lower  pressure  suitable  for 
Krating  lights,  moturs,  or  other  devices.     If  power  is  to 
t  transmitted  over  long  distances  by  means  of  the  electric 
rrent,  it  is  absolutely  necessary  that  high  line  pressures 
1  in  order  to  make  the  cost  of  the  conductors  reason- 
f  low. 

s  used    for  changing  an  alternating  current  of  one 

liage  to  another  of  a  higher  or  lower  voltage  are  known  as 

wnstbmiurH  or  u»)nverters.     The  first  name  is  the  one 

<r  generally  applied  to  these  devices.     Transformers  may 

i  either  to  "step-up"  the  voltage,  i.  e.,  increase  it, or 

y  may  be  used  to  "step-down, "'or  decrease,  the  line  pres- 

Whether  the  transformer  be  used  to  step  up  or  down, 

!  change  in  pressure  is  always  accompanied  by  a  corre- 

Ipnding  change  in  the  current,  and  the  power  delivered  to 

B  transformer  is  always  a  little  greater  than  that  obtained 

For  example,  suppose  a  currentof  20  amperes  were 

■plied  to  a  transformer  from   1,000- volt  mains.      If  the 

ion  the  transformer  were  non-inductive,  the  E.  M.  F, 

3  current  would  be  almost  exactly  in  phase,  and  the  watts 

[|>p1ied  to  the  side  connected  to  the  mains  {primary  side  of 

B  transformer)  would  he  20  x  l,OnO.  or  20,000  watts.     The 

ref  obtained  from  the  secondary  side,  or  the  side  connected 

e  circuit  in  which  the  power  is  being  used,  would  not  be 

lite  as  much  as  this. 
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Suppose  the  secondary  E.  M.  F.  were  100  volts;  if  there 
were  no  losses  whatever  in  the  transformation,  we  would 
obtain  20,000  watts  from  the  secondary,  and  the  available 
secondary  current  would  be  ^  J^  =  200  amperes.  In  other 
words,  the  decrease  in  E.  M.  P.  has  been  accompanied  by  a 
corresponding  increase  in  current.  As  a  matter  of  fact, 
there  is  always  some  loss  in  conversion,  and  the  secondary 
output  is  never  quite  equal  to  the  power  supplied  to  the 

primary.     The  ratio   -t — ; — ^—  gives  the  efficiency  of 

the  transformer.  A  good  transformer  is  one  of  the  most 
efficient  pieces  of  apparatus  known,  some  of  large  size 
delivering  as  much  as  98.6  per  cent,  of  the  energy  supplied. 

24.  Transformers  used  for  changing  an  alternating  cur- 
rent at  one  pressure  to  an  alternating  current  at  another  pres- 
sure are  often  called  static  transformers^  because  they  have  no 
moving  parts.  This  is  done  to  distinguish  them  from  rotary 
transformers^  which  are  used  to  transform  alternating  cur- 
rents into  direct  currents,  or  vice  versa.  Such  machines 
always  have  moving  parts,  hence  their  name.  Nearly  all 
transformers  are  operated  on  constant-potential  systems.  The 
transformer  is  supplied  with  current  from  mains,  the  pres- 
sure between  which  is  kept  constant,  and  this  current  is 
transformed  to  one  of  higher  or  lower  pressure,  the  second- 
ary pressure  also  being  constant  or  nearly  so. 


PIIINCII'T.K    OF    TIIK    TllAXSFOKMER. 

25,  A  simple  transformer  is  shown  in  Fig.  '20.  C  is  a 
laminated  iron  ring  on  which  are  two  coils  P  and  ^\  The 
coil  P  has  a  .certain  number  of  turns  Tj„  and  .S'  has,  we  will 
suppose,  a  smaller  number  of  turns  T^.  The  coil  /-*  is  the 
primary  and  is  connected  to  the  alternator  mains  across 
which  the  constant  pressure  E^,  is  maintained.  We  will 
suppose,  for  the  present,  that  the  resistance  of  both  the 
primary  and  secondary  coils  is  negligible. 
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\  The  above  is  essentially  the  constructiun  of  the  orilinary 
tatic  Iransformer.      It  consists  of  two  coils  or  sets  of  coils 

ntcrlinked  by  an  iron  magnetic  circuit.  Of  course  the 
»rnis  of   different    transformers  vary  widely,  hut  they  all 

ijntain  the  three  essential  parts  mentioned. 

I  Suppose  a  voltmeter  )'  to  be  connected  to  the  terminals 
t  the  secondary  coil  .V.      The  resistance  of  the  voltmeter  is 

tery    high,    consequently    a    very    sinall    current    will    flow 


Fw.  ao. 

"ough  the  secondary  coils,  and  we  may,  for  all  practical 
lirposcs,  consider  the  secondary  coil  as  an  ojien  circuit  in 
fliich  no  current  is  flowing.  The  line  E.  M.  F.  /-^  will 
^tise  a  current  to  flow  through  the  primary  coil,  and  this 
ibrrent  will  set  up  an  alternating  magnetic  flux  in  the  iron 
>rc.  This  alternating  flux  will  set  up  a  counter  E.  M.  F,  in 
B  coil  P,  which  will  be  very  nearly  the  equal  and  opposite 

I  The  current  that  will  flow,  therefore,  in  the  primary  coil 
5ien  the  secondary  coil  is  on  open  circuit  is  the  current 
|at  is  required  to  set  up  a  magnetic  flux  A'  capable  of 
xlucing  a  back  E.  M.  F.  equal  and  opposite  to  the 
iplted  E.  M.  F.  Since  the  coil  /'  is  wound  on  a  closed, 
1  magtieiic  circuit,  it  is  evident  that  a  small  current  in  P 
I  be  capable  of  setting  up  a  large  amount  of  magnetism 
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through  itself,  provided  there  is  no  opposing  force.  The 
current  that  flows  in  the  primary  coil  when  the  secondary- 
coil  is  on  open  circuit  is,  therefore,  very  small,  because  the 
primary  coil  has  a  high  self-induction  and  chokes  back  the 
current  by  virtue  of  the  counter  E.  M.  F.  that  is  set  up. 
The  magnetic  flux  set  up  in  the  iron  circuit  by  the  coil  /* 
passes  through  the  secondary  coil  S  also,  and  because  of 
the  fact  that  this  flux  is  always  changing,  an  E.  M.  F.  w^ill 
be  set  up  in  the  coil  5  and  will  be  indicated  by  the  volt- 
meter  F.  The  amount  of  this  secondary  E.  M.  F.  will 
depend  on  the  number  of  turns  with  which  S  is  wound. 
If  5  has  fewer  turns  than  P,  Ji^  will  be  less  than  lij,  and  the 
transformer  will  step  down.  If  .V  has  the  same  number  of 
turns  as  P,  E^  will  equal  E^,  If  S  has  a  greater  number  of 
turns  than  /*,  E^  will  be  greater  than  E^  and  the  transformer 
will  step  up. 

36.     The  ratio  of  the  primary  voltage  to  the  secondary 

E 
at  no  load,  i.  e.,  -7^,  is  called  the  ratio  of  tninsformatloii. 

Also  the  ratio  of  transformation  is  equal  to  the  primary 
turns  divided  by  the  secondary  turns.  For  example,  if  a 
transformer  be  supplied  with  1,000  volts  primary  and  has 
r)00  turns  on  its  primary  coil  while  there  are  50  turns  on  the 
secondarv,  the  ratio  of  transformation  is  10  and  the  second- 
ary  voltage  1,000  X  /'„'<»  —  1^^^^  volts.  In  this  case  the  trans- 
former reduces  the  voltage  from  1,000  to  100,  but  the 
operation  could  be  reversed,  that  is,  it  could  be  fed  with 
100  volts  and  the  j)ressure  raised  to  1,000. 

!i7.  It  was  assumed  above  that  all  the  magnetic  flux  N 
that  threaded  the  primary  coil  also  passed  through  the 
secondary,  and  in  well-designed  transformers  this  is  very 
nearly  the  case.  However,  sonic  lines  may  leak  across,  as 
shown  by  the  dotted  lines  /;,  /;,  r,  r,  without  i)assing  through 
both  coils.     This  is  known  as  iiiay:notlc*  ItMikii^e. 

If  the  transformer  is  poorly  designed,  this  magnetic  leakage 
may  become  large  when  the  transformer  is  loaded,  and  thus 
cause  a  falling  off  in  the  secondary  voltage.     The  resistance 
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of  the  primary  and  secondary  coils  also  causes  the  secondary 
voltage  to  drop  off  somewhat  as  the  IransformtT  is  loaded, 
hecause  a  part  i>f  ihe  E.  M.  F.  is  required  to  force  the 
current  through  the  coils  against  their  resistance. 

When  a  load  is  attached  to  the  secondary,  Fig.  20,  a 
current  flows  through  ,S',  and  this  current  is  opposite  in 
phase  to  the  current  in  the  primary;  the  secondary,  there- 
fore, tends  to  set  up  an  opposing  magnetic  flux.  The 
curved  arrows  in  Fig.  20  represent  the  way  in  which  these 
two  fluxes  oppose  each  other.  The  effect  of  the  current  in 
the  secondary  is  to  cut  down  the  choking  effect  of  the 
primary  and  thus  allow  more  current  to  flow  through  the 
primary.  As,  therefore,  the  load  is  applied  to  the  secondary, 
jthc  current  in  the  primary  increases  in  proportion,  and  the 
transformer  takes  a  current  from  the  line  that  is  proportional 

0  the  load  that  Che  secondary  carries. 

28.  Trunarormcr  Ixtsses. — The  student  must  remember 
^at  no  transformer  gives  out  quite  as  much  energy  from  its 
mdary  as  it  takes  in  in  its  primary.  There  is  always 
lomc  unavoidable  loss.  These  losses  are  of  two  kinds, 
lamely,  f '  A',  or  copper,  loss  and  hysteresis  and  eddy  current 
br  iron  losses.  These  are  similar  to  the  losses  that  take 
blace  in  the  armature  of  a  dynamo.  Copper  \ty>»  is  due  to 
She  beating  of  the  coils  on  account  of  their  resistance  and 
s  inereases  rapidly  as  the  load  increases.  The  hj-sterewts 
Iron  low*  is  caused  by  the  continual  reversal  of  the 
taagnetism    in   the   iron.      The  loss  due  to  eddy  ciirrfiitB 

1  the  core  can  be  made  very  small  if  the  core  is  carefully 
minated.     The  hysteresis  loss  can  only  be  kept  down  by 

Bing  a  very  gixxl  quality  of  iron  in  the  core  and  avoiding 
oigh  magnetic  densities  in  it. 

20.  ItcKulntlun. — If  a  transformer  is  supplied  with  a 
istant  primary  pressure,  the  secondary  pressure  will  also 
nearly  the  same  no  matter  what  the  load  may  be. 
lierc  will  be  a  slight  falling  off  in  voltage  from  no  load  lo 
J  load,  which  is  due  to  the  resistance  of  the  coils  and  the 
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fact  that  there  is  always  some  magnetic  leakage  between  the 
primary  and  secondary  coils;  but  if  the  transformer  is  well 
designed,  this  falling  off  will  be  slight.  The  reaction  of  the 
secondary  coil  is  such  that  as  the  load  increases,  the  primary 
current  also  increases,  but  the  secondary  voltage  remains 
nearly  the  same.  The  primary  voltage  is,  of  course,  main- 
tained at  a  constant  value  by  the  alternator  supplying  the 
current. 


!i 


CONSTRUCTION   OF   TRANSFORMERS. 

30.    Transformers  are  made  in  a  variety  of  forms,  but 
they  may,  for  convenience,  be  divided   into  two  general 

classes:  (a)  Core  trans- 
formers; (d)  shell  trans- 
formers. 

In  the  core  trans- 
fonner,  the  iron  part 
forms  a  core  on  which 
the  coils  are  wound, 
while  in  the  other  ar- 
rangement the  iron  sur- 
rounds the  coils.  Figs. 
21  and  22  show  the  ar- 
rangement of  the  parts 
of  a  common  type  of 
core  transformer.  The 
core  C\  Fig.  21,  is  built 
up  of  thin  iron  strips 
into  the  rectangular 
form  shown ;  /\  7^,  5",  S' 
are  the  primary  and 
^  secon(hirv  coils,  each 
being  wound  in  two 
parts.  It  will  be  noticed 
that  the  primary  is 
wound  over  the  second- 
Fio.  21.  ary,    thus    making    the 
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sikage  path  between  the   coils   lung   and  of   small   cross- 
sction.  thereby  reducing  the  magnetic  leakiige. 
'  Fig,  22  shows  a  section  .  primitry 

t  the  coils  and  core. /^««o«rf«r„^ 

'   One  advantage  of  this 
iype  is  that  the  core  may 
:  built  up  of  strips  of  _ 

no  special  stamp-   VVV     -^Jf- \ 

Engs  being   required. 

i  is  also  an  advan-  P'"-  ^- 

\<a  having  the  coils  wound  in  two  sections,  in  that  it 
mublcs  the  transformer  to  be  connected  for  a  variety  of 
"oltages.  For  example,  suppose  each  primary  coil  were 
■round  for  1,000  volts  and  each  secondary  for  SO  volts.  By 
tonnecting  the  primary  coils  in  series  or  parallel,  the  trans- 
could  be  operated  on  2,000-  or  1,000-volt  mains,  and 
^  connecting  the  secondaries  in  series  or  parallel,  a  second- 
n-y  voltage  of  either  100  or  50  could  be  obtained.  Modern 
ransformers  are  usually  built  in  this  way  because  it  is  often 
Sonvenienl  to  be  able  to  make  these  changes. 

I,  31t    Figs.  23  and  24  show  a  common  type  of  shell  tnins- 
r.     Here  the  primary  and  secondary  i-oils  /'  P^  and 


\  S„  respectively,  are  surrounded  by  the  iron  core  C,  which 
f  built    up    of    ir<m  stampings  of    the    fnrni  shnwn    in    the 
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sectional  view.  Fig.  24.  A  cut  is  made  in  the  stamping 
at  //,  so  tliat  the  tongue  T  may  be  bent  bacli  to  allow  the 
stampings  to  be  slipped  over  the  coils.  The  magnetic  lines 
are  set  up  around  the  circuit,  as  indicated  by  the  dotted 
lines,  and  thus  pass  through  both  primary  and  secondary  coils. 
The  primary  and  secondary  coils  are  split  into  two  sec- 
tions, the  primary  being  divided  into  two  parts  and  placed 
on  each  side  of  the  secondary.  The  two  parts  of  the  primary 
coils  are  connected  in  series  by  the  connection  shown  at  h; 
/  and  /j  arc  the  primary  terminals.  The  ends  a  and  ^of  coil  5 
and  c  and  d  of  coil  .S",  are  brought  out  separately,  in  order 
that  the  two  coils  may  be  connected  either  in  series  or  in 
parallel,  as  may  be  desired.  Leakage  tends  to  take  place 
between  the  coils,  and  by  interleaving  the  primary  and 
secondary  the  leakage  is  reduced. 


32.    Transformers   for    outside    work    are   placed    in   a 

weather-proof    iron    case,    such    as    is   shown   in   Fig.    25. 
_____  This    shows    a    case 

suitable  for  a  trans- 
former of  the  style 
slinwn  in  Fig.  21, 
The  wires  «,  /'  are  the 
jir  iniary  terminals, 
and.-.  ,/.<■, /are  con- 
nected to  the  second- 
lins.  The  case 
ill  which  transform- 
ers are  placed  is  often 
filled  with  an  insula- 
tinjf  oil  that  not  only 
tends  to  keep  the  in- 
sulation better,  but 
also  hel]ts  to  get  rid 
nf  the  heat  hy  con- 
iroii  case,  and  thence 

ransformers    used    in 
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"dinary  lighting  work  is  usually  Ifi  or  20.  that  is,  1,(100  or 
^000  volts  primary  and  from  50  to  300  volts  secondary. 

r  33.     Belectlon    of  Transformers. — In    selecting  trans- 
irmers  for  a  given  lighting  or  power  system,  only  the  best 
Lould  be  obtained,  even  if  the  first  cost  is  somewhat  higher 
lan  those  of  less  reliable  make.     A  poi^r  transformer  will 
istc  more  power  in  the  course  i)f  a  few  years  than  it  is 
1.      Por  example,  suppose  a  transformer  has  a  large  core 
This   loss  goes  on   all  the  time   that  the  pressure  is 
toplied  to  the   primary  whether   the  secondary  is  deliver- 
any   current  or   not,  and   the  cost  of   this  power  may 
mount  to  a  surprisingly  large  amount  in  the  course  of  a 
All  transformers  are  bound  to  have  some  core  loss, 
lut,  as  a  general  rule,  cheap  transformers  of  a  given  output 
ive  a  larger  loss  than  those  of  a  more  expensive  but  more 
lie  make,  because  in  the  latter  case  greater  care  is  taken 
e  selection  of  the  iron  in  the  core.      Moreover,  the  core 
s  liable  to  increase  greatly  the  longer  the  transformer  is 
led,  if  proper  care  is  not  taken  in  designing  the  transformer 
I   in  selecting  the  iron.      This  effect  is  known  as  aslnf^ 
I  appears    to  be   due   to  changes   brought  about  in   the 
^aracter  of  the  iron  by  the  long-continued  heating  while  the 
ransformer  is  in  action.     The  only  remedy  is  to  take  down 
;  transformer  core  and  anneal  the  sheets.     Transformer 
niilders  have  paid  considerable  attention  to  this  subject  and 
;  now  able,  by  carefully  selecting  the  iron  or  mild  steel 
led  for  the  core  and   by  designing  their  transformers  t" 
fork  at  a   low  temperature,   to  do  away  largely  with    this 
ffect. 


Tnttnlatinn  Test  for  Transformers. — It  is  ex- 
remcly  imporiant  that  the  insulation  of  transformers  shall 
grxid.  If  the  primary  should,  in  any  way,  come  into 
tntact  with  the  secondary,  the  high  pressure  would  be 
to  the  secondary  lines  and  bring  about  a  very 
ittgerous  condition  of  affairs.  A  number  of  fatal  acci- 
mts  have  occurred    that  have  been  traced   to   defective 
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transformer  insulation,  and  before  any  transformers  are  put 
into  service  they  should  be  tested  to  see  that  their  insulation 
is  all  right.  New  transformers  are  generally  tested  at  the 
factory,  but  before  any  old  or  second-hand  transformers  are 
put  into  service,  they  should  be  subjected  to  a  test  by  apply- 
ing a  high-pressure  alternating  current  to  the  windings. 
Measurements  of  the  insulation  resistance  by  means  of  a 
Wheatstone  bridge  are  useless  for  a  test  of  this  kind. 
Fig.  20  shows  the  general  scheme  of  connections  for  a  high- 
potential  test  as  applied  to  testing  the  insulation  between 
the  primary  and  secondary  coils  of  the  transformer  T,  The 
high  pressure  needed  for  testing  is  usually  obtained  from 
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a  special  high-potential,  ste|)-iip  transformer,  though  if  this 
is  not  availal)le  a  number  of  ordinary  transformers  may  be 
used  with  their  fine-wire  coils  eonnec^ted  in  series,  so  as  to 
give  the  high  pressure  desired.  The  main  switch  A' is  con- 
nected to  the  primary  coil  P  through  an  adjustable  resist- 
ance r  that  enables  the  high  i)ressure  generated  in  the  second- 
ary .V  to  be  regulated.  The  ends  7,  7  of  the  primary  coil  of 
the  transformer  under  test  are  connected  together  and  to  one 
end  of  .v.  The  ends  x  of  the  secondary  coils  are  also  con- 
nected  together,  grounded  on  the  case  at  a^  and  connected 
to  the  other  terminal  of  .S".  It  is  important  that  the  various 
terminals  of  the  coils  be  connected  as  indicated,  otherwise 
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iome  parts  of  the  winding  will  be  Bti!>jected  to  greater  strains 
"lan  otht-rs.     When  the  switch  A'  is  thrown  in,   the   high 

.  M.  F.  generated  in  5"  tends  to  break  down  the  insulation 
ietvccn  the  primary  and  secondary  coils  of  T.  The  applied 
lurc  should  be  at  least  three  times  the  primary  pressure 

t  which  the  transformer  is  designed  to  work ;  i.  e.,  a  2,000- 
rolt  transformer  should  stand  a  pressure  of  at  least  «,000 
polts  between  its  primary  and  secondary  coils. 

(  35.     In  order  to  determine  the  applied  voltage,  a  spark 

[ap  u  between  needle  points  or  a  static  high-reading  volt- 

iBeter  /'maybe  used.      It   has   been   found    by   experiment 

lat  the  voltage  required  to  jump  between  needle  points  in 

r  increases  almost  in  direct  proportion  to  the  length  of  the 

pip,  imtil  abfiiit  30.000  volts  is  reached:  30,000  volts  (alter- 

ming)   will   jump   about   l.V  inches  in  air  between   bright 

"heedle  points;  I o, 000  volts  will   jump  about  %  inch;    10,000 

volts,  \  inch ;  and  so  on.      By  setting  the  points,  say,  i  inch 

apart  and  then  raising  the  voltage,  by  cutting  out  r,  until  a 

>ark  jumps  across,  it  is  known  that  the  pressure  applied  to 

ifac  transformer  is  about  10,000  volts.     If  needle   points  are 

scd,  they  should  be   renewed  after  every  discharge,  other- 

;  they  become  corroded  and  give  inaccurate  results. 

I  36.  In  applying  high-potent ia!  tests,  care  must  be  taken 
lot  to  permanently  strain  and  injure  the  insulation.  It  is 
bll  well  enough  to  apply  a  test  that  will  indicate  to  a  certainty 
Ihat  the  insulation  will  be  capable  of  standing  the  strain  put 
on  it  in  service,  but  if  the  test  is  made  unnecessarily  severe, 
good  apparatus  may  be  permanently  injured.  High-poten- 
tial tests  should  not,  therefore,  be  long  continued — -a  few 
seconds  is  sufficient  to  show  whether  the  insulation  is  defec- 
tive or  not ;  a  longer  application  will  only  serve  to  injure  good 
insulation.  High-potential  tests  should  be  made  when  the 
apparatus  is  hot,  because  then  the  insulation  is  weaker  than 
when  cold,  and  any  weak  spots  will  be  more  likely  to  show 
themselves;  besides,  the  transformer  is  warm  when  used 
jider  actual  operating  conditions. 
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ALTERN AT INU-CUIllJ EXT  l^IOTORS. 

37.  Motors  designed  for  use  in  connection  with  alterna- 
ting  currents  may  be  divided  into  two  classes:  (1)  Syn- 
chronous motors,  and  (2)  induction  motors. 

Both  kinds  are  in  common  use,  and  by  far  the  larger  part 
of  all  the  motors  operated  in  connection  with  the  alterna- 
ting current  belong  to  one  or  other  of  these  classes.  There 
are  a  few  other  motors  that  are  used  to  some  extent,  but 
their  number  is  insignificant  when  compared  with  those  of 
the  above  two  classes. 


S^TS^CIIROXOrS   MOTORS. 

38.  Synchronous  motors  are  made  to  operate  either 
on  single-phase  or  polyphase  systems,  and  are  so  called 
because  they  always  run  in  synchronism  with,  or  at  the 
same  frequency  as,  the  alternator  driving  them.  In  con- 
struction they  are  almost  identical  with  the  corresponding 
alternator,  and  always  consist  of  the  two  essential  parts,  the 
field  and  the  armature,  citlior  of  which  may  revolve.  The 
field  of  such  motors  must  be  excited  from  a  separate  contin- 
uous-current nKK^hiiu*  in  the  same  way  as  an  alternator. 
The  fields  of  synchronous  motors  are,  however,  very  seldom 
compound-wound,  and  hence  no  rectifier  is  recpiired;  other- 
wise, the  whole  construction  of  the  motor  is  about  the  same 
as  that  of  the  alternator. 

•il).  If  a  single-phase  alternator  be  connected  to  another 
similar  machine,  the  latter  will  not  start  u|)  and  run  as  a 
motor,  because  the  current  is  rapidly  reversing  in  its  arma- 
ture, thus  tending  to  make  it  turn  first  in  one  direction  and 
then  in  the  other.  The  consecpience  is  that  the  armature 
does  not  get  started  fr(»m  rest.  If,  however,  the  second 
motor  be  first  run  uj)  t()  such  a  sjx-ed  that  the  frequency 
of  its  alternations  is  the  sanie  as  that  of  the  alternator,  and 
then  connected  into  circuit,  the  impulses  of  current  will  tend 


o  keep  it  rotating,  and  the  machine  will  cmlinuo  running  as 
a  motor.  The  motor  must  be  run  up  to  synchronism  by  means 
C'Of  some  outside  source  of  power,  and  the  fact  that  singlu- 
l  phase  synchronous  motors  will  not  start  of  their  own  accord 
I  is  a  serious  drawback  to  their  use.  On  the  other  hand,  puly- 
I  phase  synchronous  motors  will  start  from  rest  and  run  up  to 
E  synchronism,  but  such  motors  take  quite  a  large  current 
Lfrom  the  line,  and  they  will  not  start  at  all  under  any  heavy 
Fjoad.  They  must,  thtrrefore,  be  started  first  and  the  load 
^applied  afterwards,  when  they  will  continue  running  in  syn- 
Echronism  with  the  alternator  and  will  take  current  from  the 
I  line  in  proportion  to  the  work  done.  Large  synchronous 
L  motors  arc  often  started  by  means  of  a  small  induction 
[  motor  that  is  thrown  out  of  use  after  the  large  machine  has 
'  been  brought  up  to  synchronism.  Single-phase  synchronous 
I  motors  are  now  seldom  used. 


40.  Synchronous  motors  behave  differently  in  some 
I  respects  from  direct-current  machines.  If  the  field  of  a 
F  direct-current  motor  be  weakened,  the  motor  will  speed  up  in 
border  to  maintain  the  proper  value  of  the  counter  E.  M.  F, 
I  If  the  field  strength  of  a  synchronous  motor  be  changed, 
I  Ihe  speed  cannot  change,  because  the  motor  must  keep  in 
■'Step  with  the  alternator.  Such  a  motor  adjusts  itself  to 
Lchangcs  of  load  and  field  strength  by  the  changing  of  the 
Ppbasc  difference  between  the  current  and  E.  M,  F. 

Imagine  a  synchronous  motor  that  runs  perfectly  free 
Ivben  not  under  load.  If  this  machine  were  run  up  to  syn- 
■  fhronism  and  its  field  adjusted  so  that  the  counter  E,  M.  F. 
P*(  the  motor  were  equal  and  opposite  to  that  of  the  dynamo, 
Wtto  current  would  flow  in  the  circuit  when  the  two  were  con- 
P Jiccted.  At  any  instant  the  E.  M.  F.  that  causes  current  to 
p£ow  is  the  difference  between  the  instantaneous  E.  M,  F.  of 
I  the  alternator  and  the  counter  E.  M.  P.  of  the  motor.     If 

s  motor  be  loaded,  its  armature  will  lag  a  small  fraction 
f  a  revolution  behind  thai  of  the  alternator  and  the  motor 
B.  M,  P.  will  no  longer  be  in  opposition  to  that  of  the  alter- 
Jiiaior.  consequently  a  current  will  fluw   that  is  sufficiently 
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large  to  enable  the  motor  to  carry  its  load.  The  greater 
the  load  applied,  the  larger  will  be  the  current  that  is  thus 
allowed  to  flow. 

It  must  be  borne  in  mind  that  this  phase  difference  is 
caused  by  a  small  relative  lagging  of  one  armature  behind 
the  other,  not  by  a  difference  in  speed.  For  example,  the 
change  of  phase  from  full  load  to  no  load  might  not  be  more 
than  ^S*^,  and  this  would  mean  an  angular  displacement  on 
the  machine  of  a  little  more  than  one-fourth  a  pole  face.  If 
the  machine  be  loaded  too  heavily,  the  slipping  of  the  motor 
armature  will  become  sufficiently  great  to  throw  the  motor 
out  of  synchronism,  and  it  will  come  to  a  standstill. 

41,  Since  polyphase  synchronous  motors  will,  when  not 
loaded,  run  up  to  synchronism  of  their  own  accord,  they  are 
largely  used  for  power-transmission  purposes  in  places  where 
a  large  starting  effort  is  not  required  and  where  the  motor 
is  not  started  and  stopped  frequently.  They  have  an  ad- 
vantage over  induction  motors  in  that  they  do  not  produce 
lagging  currents,  and  are  therefore  better  adapted  for 
power-transmission  plants.  What  was  said  with  regard  to 
alternator  armature  windings  also  applies  to  synchronous 
motors,  such  motors  being  built  for  cither  two-phase  or 
three-phase  systems. 

42.  The  speed  at  which  a  synchronous  motor  will   run 

when  connected  to  an  alternator  of  freciuenc^y  ;/  is  jt  =   "    , 

where  .v  is  the  speed  in  revolutions  per  see<)n(l  and  /»  the 
number  of  poles  on  the  motor,  l^'or  e.\ani|)le,  if  a  lO-pole 
motor  were   run   from  a    l*-2r)-cycle   alternator,  the  speed  of 

tile  motor  would  be   ^- ' .      "-  =  "^5  revolutions  ])er  second, 

10  ^  ' 

or   1, /)()()  R.  P.  M.      It   follows  from   the   above  that  if    the 

motor  had   tlie   same    number  of    ])oles  as   the    alternator, 

it  would   run  at   exa(  tlv  the  same  speed,  and  anv  variation 

in  the  speed  of  the  alternator  would  be  acx'om[)anied  by  a 

corresponding  change  in  the  speed  of  the  motor. 
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INIIUCTION   MOTORS. 

43.  In  a  great  many  cases  it  is  necessary  to  have  an 
Lltematinjf -current  mntor  that  will  not  only  start  up  of  its 
iwn  accord,  but  one  that  will  start  with  a  strong  torque. 

This  is  a  necessity  in  all  cases  where  the  motor  must  start  up 
Under  load.  It  is  also  necessary  that  the  motor  be  such  that 
it  may  l>e  started  and  stopped  frequently,  and,  in  general, 
that  it  may  be  used  in  the  same  way  as  a  direct-current 
motor.     These  requirements  are  fulfilled  by  induction  motors. 

44.  Induction  motors  are  usually  made  for  operation 
o-phase  or  three-phase  circuits,  although  they  are  some- 
operated  on  single- phase  circuits  by  using  special  start- 
ing devices.  They  consist  of  two  essential  parts,  namely, 
the  primary,  or  field,  to  which  the  line  is  connected,  and 
the  secondary,  or  armature,  in  which  currents  are  induced 
by  the  primary.  Either  of  these  parts  may  be  the  revolv- 
ing member,  but  we  will  suppose  in  the  following  that 
the  field  is  stationary  and  that  the  armature  revolves.  In 
asynchronous  motor  or  direct-current  motor,  the  current  is 
led  into  the  armature  from  the  line,  and  these  currents, 
reacting  upon  a  fixed  field  provided  by  the  stationary  field 
magnet,  produce  the  motion.     In  the  induction  motor,  how- 

[vcr,  two  or  more  currents  differing  in  phase  are  led  into  the 
■id,  thus  producing  a  magnetic  field  that  is  constantly 
changing  and  that  induces  currents  in  the  coils  of  the 
armature  in  the  same  way  that  currents  are  induced  in  the 
secondary  coils  of  transformers.  These  induced  currents 
react  on  the  field  and  produce  the  motion  of  the  armature. 
It  is  on  account  of  this  action  that  these  machines  are  called 
iduction  motors. 


FIELD   WIXDINW. 

45.  The  winding  on  the  field  of  an  induction  motor  is 
almost  exactly  the  same  as  that  on  the  armature  of  a  synchro- 
nous mutor  or  polyphase  alternator.  The  field  structure  is 
built  up  of  disks  having  teeth  on  their  inner  circumference 
it  form  slots  when  the  core  is  assembled.  The  coils  are 
J.    II.— 16 
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placed  in  these  slots,  forming  a  winding  like  that  on  the  sur- 
face of  a  polyphase  armature.  The  winding,  when  completed, 
resembles  very  much  the  evenly  distributed  arrangement  of 


coils  on  a  continuous-current  armature.  Fig.  27  shows  a 
finished  field  for  an  induction  motor.  The  coils  are  seen 
at  a,  a  distributed  evenly  around  the  inner  circumference. 


ACTION  OF  INDUCTION  MOTOR. 

46.  In  order  to  understand  the  action  of  an  induction 
motor,  it  will  help  matters  to  compare  it  briefly  with  the 
action  of  an  ordinary  direct-current  motor.      Suppose  we 


sic 
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;  a  fiuir-polt;  direci-currenl  armature  surrounded  by  its 
If  the  field  is  excited  and  current  sent  into  the  arma- 
through  the  brushes  in  the  ordinary  way,  the  armature 
revolve ;  and  the  greater  the  load  placed  on  the  machine, 
the  more  current  wilt  it  take  to  drive  the  armature.  Suppose 
that  instead  of  driving  the  armature  in  this  way  we  remove 
the  brushes  and  press  a  copper  ring  over  the  commutator  so 
to  connect  all  the  bars  together.  This  will  connect  all 
the  ends  of  the  armature  coils  together,  making  them  form 
a  number  of  closed  circuits.  Also,  suppose  that  we  revolve 
the  field  around  the  armature  instead  of  having  it  stand  still, 
usually  the  case,  and  that  the  armature  -be  held  from 
turning.  The  lines  of  force  from  the  field  will  cut  across 
the  armature  conductors  and  set  up  E.  M.  F. 's  in  them. 
Since  the  coils  are  all  short-circuited  by  the  rings  on  the 
commutator,  the  result  is  that  heavy  currents  are  set  up,  and 
'these  currents  reacting  on  the  field  produce  a  powerful 
■dragging  action  on  the  armature.  If,  therefore,  the  arma- 
ture is  released,  it  will  he  dragged  around  after  the  field.  If 
'the  armature  revolved  at  exactly  the  same  speed  as  the  field, 
the  conductors  would  move  around  just  as  fast  as  the  lines 
o(  force;  no  E.  M,  F.'swould  be  set  up  in  the  armature  con- 
ductors and  no  turning  effort  or  torque  would  result.  It 
follows,  then,  that  the  armature  must  always  revolve  a  little 
slower  than  the  field,  in  order  that  anydrag  may  beexerted. 
It  should  be  noticed  that  in  this  arrangement  no  current  is 
id  into  the  armature  from  outside;  it  is  induced  in  the 
.armature  by  the  revolving  field. 

The  field  in  this  case  is  supposed  to  be  excited  by  continu- 
ous current  and  is  revolved  by  mechanical  means;  but  by 
Using  two  or  three  alternating  currents  displaced  in  phase, 
make  the  magnetism  sweep  around  the  armature 
without  actually  revolving  the  field  frame  itself.  In  other 
words,  we  can  set  up  magnetic  poles  that  will  be  continually 
shifting  around  the  armature  without  actually  revolving  the 
field  structure.  Fig.  art  will  show  how  this  is  carried  out  by 
two  currents  differing  in  phase,      /'is  the  field  frame. 


King  two  currents  differing  in  phase,      /'is  the  field  frame, 
ving,  in  this  case,  eight  polar  projections  (four  for  each  J 
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phase),  on  each  of  which  is  wound  a  coil.  Coils  No.  £,  4t  ^, 
and  *  are  connected  in  series,  every  other  coil  being  reversed 
as  shown.  The  terminals  d,  b  of  this  series  of  coils  are  con- 
nected to  phase  No.  2  of  the  alternator.  The  other  four  coils 
are  joined  in  the  same  way  and  are  connected  to  termi- 
nals a,  a'  of  phase  No.  1.  The  current  in  each  of  these  phases 
is  constantly  changing,  and  when  the  current  in  one  phase  a 


Fio.  m 
at  its  maximum,  the  current  in  the  other  phase  is  zero.  Sup- 
pose that  we  consider  the  instant  when  the  current  in  phase 
No.  i  is  a  maximum;  the  current  in  phase  No.  3  at  the  same 
instant  will  be  zero  and  there  will  be  no  magnetism  in 
poles  3,  4.  0,  or  *.  Suppose  the  current  is  flowing  in  such 
a  direction  in  phase  No.  /  that  a  north  pole  is  formed  at  /, 
then  there  will  be  a  south  pole  at .?,  a  north  pole  at  S  and  a 
south  pole  at  ".  After  one-quarter  of  a  cycle  has  passed,  the 
current  in  phase  No.  i  will  be  zero  and  the  current  in  phase 
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J-JJ".  -  will   have  increased  tn  its  tnaximum  value;  there  will 

ihen  be  no  magnetism  in  poles  !,  S,  5,  and  7,  and  we  will 

1  north  pole  at  i.'.  a  south  pole  at  4-  and  so  on.     At  the 

md  of  the  next  quarter  cycle  the  current  I'n  phase  No.   1 

(rrll  again  be  at  its  maximum  value,  but  will  be  flowing  in 

khe  opposite  direction  to  what  it  did  before.     We  will  then 

jfcave  a  south  pole  at  1.  a  north  pole  at  3,  and  so  on.     The 

f  result  of  these  changes  is  that  the  poles  keep  shifting  around. 

f  anil  we  have  practically  the  same  effect  as  if  we  had  a  four- 

wle  field  structure  actually  revolving.     Of  course  the  cur- 

t  rent  in  the  coils  does  not  change  suddenly,  but  the  magnet- 

I  ism  in  the  poles  dies  away  and  increases  as  the   current 

r  changes. 

The  style  of  field  generally  used  is  shown  in  Fig.  27. 
iThe  principle  is  the  same  as  that  shown  in  Fig.  28,  but  the 
■  winding  is  split  up  into  a  large  number  of  small  coils  placed 
Kin  slots  instead  of  using  a  few  coits  on  projecting  poles. 


U 


47.  Fig.  2S  shows  the  type  of  armature  commonly  used. 
It  is  extremely  simple  in  construction  and  consists  of  a 
laminated  iron  core  provided  with  slots,  in  each  of  which  is 
placed  a  heavy  copper  conductor  ^.  These  conductors  pro- 
[ect  at  each  end  of  the  core  and  are  bolted  to  the  copper 
jrings  r,  r  that  connect  all  the  bars  together  and  thus  form 
ft  number  of  closed  circuits.  An  arrangement  of  this  kind 
is  often  referred  to  as  a  "  squirrel-cage  "  armature,  because 
the  conductors  and  end  rings  resemble  a  squirrel  cage. 

When  such  an  armature  is   placed  in  the  field  shown  in 

Fig.    27    and    the    current    turned    on,    the    magnetic    field 

sweeps  around  the  armature  and  cuts  the  bars  and  sets  up 

currents  in  the  closed  circuits  formed  by  the  bars  and  the 

rings.     There  is  a  powerful  drag  e.\erted  on  the  arma- 

,  and  it  is  very  soon  brought  up  to  such  a  speed  that  the 

■que  produced  by  the  current  in  the  armature  is  just  sufFi- 

:nt  to  enable  the  machine  to  carry  the  load.      If  a  heavier 

is  applied,  the  speed  of  the  armature  drops  a  little,  and 

i  makes  the  relative  cutting  of  the  lines  of  force  between 

armature  and  field    greater,   or    the   s/i/>    between    the 
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armature  and  field  becomes  greater.  The  difference  in 
speed  between  the  revolving  armature  and  the  revolving 
field  of  an  induction  motor  is  known  as  the  slip.  The 
slip  is  usually  expressed  as  a  percentage  of  the  speed  that 
the  motor  would  run  at  when  in  synchronism  with  the 
dynamo.  For  example,  if  the  synchronous  speed  of  an 
induction  motor  were  HOf»  R.   P.   M.,  and  if  the  slip  were 


2  per  cent,  at  full  load,  the  armature  at  full  load  would  run 
18  R.  P.  M.  slower  than  the  revolving  field,  and  the  full-load 
speed  of  the  motor  would  be  883  R.  P.  M.  This  increases 
the  E.  M.  F.  in  the  armature,  causes  more  current  to  flow, 
and  thus  increases  the  torque  to  the  amount  necessary  to 
carry  the  load.  The  motor,  therefore,  adjusts  itself  to 
changes  in  load  by  a  slight  dropping  in  speed,  just  as  in  the 
case  of  an  ordinarv  shunt-wound  continuous-current  motor. 


48.  StArtlufi;  Resistance. — For  some  kinds  of  work. 
requiring  large  starting  torque,  it  is  best  to  have  the  arma- 
ture winding  so  arranged  that  a  resistance  may  be  inserted 
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in  scries  with  it  while  the  motor  is  starting  up  and  cut  out 
when  full  speed  is  attained.  If  this  is  not  done,  there  will 
be  a  large  rush  of  current  at  starting,  because,  when  the 
motor  is  standing  still  it  is  in  the  condition  of  a  transformer 
with  its  secondary  short-circuited,  and  since  the  armature 
is  stationary  with  regard  to  the  field,  a  fairly  high  E.  M.  F. 
might  be  induced,  thus  causing  a  very  heavy  current  to 
flow  through  the  low -resistance  secondary  winding. 


.  This  would  cause  a  large  current  to  flow  in  the  primary. 

ind  would,  therefore,  be  objectionable.  Moreover,  this 
e  secondary  current  so  reacts  on  the  field  produced  by 
the  primary  as  to  greatly  weaken  it  and  results  in  a  very 
small  starting  torque.      If  the  armature  were  so  designed  as 

ito  have  a  fairly  high  resistance  in  itself,  in  order  to  limit  the 
Vtarting  curri-nl  and  procure  a  good  starting  torque,  the 
piotor  would  be  incfllicient  and  would  give  bad  speed  regu- 
lation.    It  is  therefore  best  to  have  a  resistance  that  may 
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This  may  lie  done  by  supplying  the  secondary  wilh  a  reg- 
ular winding  similar  to  that  of  the  field  and  bringing  the 
terminals  to  collector  rings.  By  means  of  these  rings,  con- 
nection may  be  made  to  a  resistance  box  and  resistance  cut 
in  or  out  in  much  the  same  way  as  is  done  in  starting  up 
direct-current  motors.  In  the  General  Electric  Company's 
motors,  the  use  of  collector  rings  is  avoided  by  mounting 
the  resiRtance  on  the  armature  spider  and  cutting  it  out  by 
a  switch  operated  by  a  sliding  collar  on  the  shaft.  This 
enables  the  motor  to  be  built  without  any  moving  contacts 
whatever.  Fig.  30  shows  an  induction  motor  of  this  kind. 
In  this  case  the  sliding  collar  r  is  operated  by  the  handle  h. 
When  the  speed  of  an  induction  motor  has  to  be  varied,  it  is 
customary  to  provide  the  armature  with  a  regul;.r  Y  wind- 
ing and  collector  rings,  so  that  an  adjustable  resistance  may 
be  inserted  in  each  phase  of  the  armature  winding.  Another 
■  method  of  speed  regulation  is  to  insert  an  adjustable  resist- 
ance or  reactance  in  each  phase  of  the  field  winding.  This 
avoids  the  use  of  collector  rings,  but  the  first  method  is  the 
better  and  is  the  one  most  largely  used.  Unless  a  large 
torque  with  moderate  line  current  is  required  at  starting, 
the  ordinary  squirrel-cage  type  of  armature  is  used,  as  it  is 
simpler  and  cheaper  than  the  type  using  resistance.  By 
using  a  starting  compensator  with  a  squirrel-cage  armature, 
the  line  current  can  be  kept  down  to  a  reasonable  amount. 


ROTARY   CONVERTERS. 

49.  It  is  often  necessary  to  change  direct  currents  to 
alternating  and  vice  versa,  and  machines  for  accomplishing 
this  are  known  as  potapy  converters.  The  transformation 
might  be  effected  by  having  an  alternating- current  motor 
coupled  to  a  direct-current  generator,  simply  using  the  alter- 
nating current  to  drive  the  motor.  An  arrangement  of 
two  machines  is,  however,  not  usually  necessary,  although 
such  motor-generator  sets  are  used  to  some  extent.  Rotary 
converters  are  largely  used  for  changing  alternating  currents 
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I  direct   for  the  operation   of  street  railways,  electrolytic 
ints,  etc.     These  machines  arc  often  called  rotary  Irans- 
^crmers,   but   the   term  com-crter   is   now   most   generally 
toplied. 


SINGLE- PHASE  CONVERTERS. 

[  flO,  Suppose  an  ordinary  ring  armature  to  be  revolved 
1  a  two-pole  field  as  shown  in  Fig.  31 ;  a  continuous  E.  M.  F. 
c  generated  and  a  continuous  current  obtained  by 
Tittaching  a  circuit  to  the  brushes  a,  a'.  If,  instead  of  the 
commutator,  two  collector  rings  were  attached  to  opposite 
points   of   the   winding,   an  alternating  current  would   be 


ibtained  in  a  circuit  connected  to  //,  b'.  If  the  machine  be 
tauippvd  with  both  commutator  and  collector  rings,  the 
mature  may  be  revolved  by  means  of  a  direct  current  ted 
I  at  the  brushes  a,  a\  thus  running  it  as  a  motor  instead  of 
I  being  driven  by  a  belt.  The  conductors  on  the  revolv- 
%  armature  will  be  cutting  lines  of  force  just  as  much  as 
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the)'  were  when  the  machine  was  driven  by  a  belt,  there- 
fore an  alternating  current  will  be  obtained  from  the 
rings  b,  b' .  In  other  words,  the  machine  acts  as  a  con- 
verter, changing  the  direct  current  into  a  single-phase 
alternating  current.  If  the  operation  be  reversed  and  the 
machine  run  as  a  synchronous  alternating-current  motor. 
■  the  alternating  current  will  he  transformed  to  direct  current. 


51.  In  the  above  single-phase  rotary  converter  it  is  evi- 
dent that  the  maximum  value  of  the  alternating  E.  M.  F. 
occurs  when  the  points  1,  1'  to  which  the  rings  are  con- 
nected are  directly  under  the  brushes  a,  a';  that  is,  the 
maximum  value  of  the  alternating  E.  M.  F.  is  equal  to 
the  continuous  E.  M.  F.  For  example,  if  the  continuous 
E.  M.  F.  were  100  volts,  the  effective  volts  on  the  alternating- 
current  side  would  be  —-  =  70.7  volts.     Therefore,  if  E  is 

the  alternating  voltage  and  V  the  direct,  we  may  write  for 
a  single-phase  rotary  converter 

£  =  .707  V.  (3.) 


Sl-t 
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TWO-PnABK  roxvEnTEns. 
63,  By  connecting  four  equidistant  pointsof  the  winding 
1^,  c,  d,  and  e,  Fig.  32,  to  four  collector  rings,  we  would 
■  bave  a  two-pole  two-phase,  or  quarter-phase,  converter.  In 
I  this  case  we  would  have  two  pairs  of  lines  leading  from  the 
rbrushes  1.  /',  3,  3',  and  the  E.  M.  F.  between  1  and  1'  or 
Vbetween  2  and  2'  would  be  given  by  formula  3. 


TIIBEE-PnASE  CON^-EKTERS. 

53.     By    connecting    three   equidistant    points 


|_ Since  all  direct-current  armatures  have  closed-circuit  wind- 
it  follows  that  the  connections  on  the  alternating- 
teurrent  side  of  a  three-phase  rotary  converter  are  always  A, 
^he  Y  connection  not  being  possible.  If  H  be  the  effective 
|Vo]tage   between   the   lines  on   the   alternating   side   of   a 
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three-phase  rotary  converter  and  I' the  voltage  of  the  con- 
tinuous-curreiit  side, 

If  such  a  converter  were  supplied  with  a  direct  currenl 
at  100  volts  pressure,  an  alternating  current  at  HI. 2  volts 
would  be  obtained;    and   if    it   were   desired  to   obtain 
100-voIt   direct  current   from    an    alternating   current, 
alternating  side  would  have  to  be  supplied  at  a  pressure  of 
61.2  volts. 

54.  Rotary  converters  are  nearly  always  of  the  two- phase 
or  three-phase  types  and  are  used  for  changing  alternating 
currents  to  direct  currents.  A  multiphase  rotary  used  in 
this  way  runs  as  a  synchrqnous  motor,  hence  its  speed 
is  practically  constant.  The  student  should  note  that  in 
the  rotary  converters  just  shown,  the  ratio  of  transforma- 
tion is  fixed,  and  in  order  to  raise  or  lower  the  E.  M.  F. 
of  the  direct- current  side,  the  E.  M.  F.  of  the  alternating- 
current  side  must  also  be  raised  or  lowered.  This  is  usually 
accomplished  either  by  means  of  potential  regulators  or  by 
providing  the  transformers  which  supply  the  rotary  with 
secondary  coils  split  up  into  a  number  of  sections  which 
may  be  cut  in  or  out.  The  direct -current  voltage  can  also 
be  changed  within  certain  limits  by  changing  the  field 
excitation  of  the  rotary. 

If  ratios  of  transformation  differing  greatly  from  those 
given  were  required,  it  would  not  be  possible  to  use  an 
armature  having  a  single  winding  for  both  the  alternating- 
current  and  the  direct-current  sides  of  the  machine.  In 
such  cases,  it  would  be  necessary  to  use  either  a  machine 
with  two  distinct  armature  windings  or  else  a  motor- 
generator  set.  It  is,  howeverj  usually  possible  to  get  any 
desired  direct  E.  M.  F.  from  the  alternating  by  transform- 
ing the  alternating  current  to  such  a  voltage  that  when 
delivered  to  the  rotary  transformer,  it  will  he  changed  to  a 
direct  current  of  the  desired  pressure.  For  example,  suppose 
it  were  desired  to  transform  alternating  current  at  2,000  volts 
to  direct  current  at  500  volts  suitable  for  operating  a  street 
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IrAilway.      Wc  will  suppose  that  a  three-phase  rotary  trans- 
former  is  used.      Then   it   follows    from    formula   3   that 
ftihe  alternating  current  must  be  supplied  to  the  machine 
«t  a  pressure  of  E=  .(J13  V=  .«!2  X  500  =  Zm  volts.     The 
Kliltemating  current  would,  therefore,  be  first  sent  through 
(.static  transformers  so  wound  as  to  reduce  the  pressure  from 
8,000  to  300  volts,  and  the  secondary  coils  of  these  trans- 
Bformers  would  be  connected  to  the  alternating-current  side 
I'of  the  rotary. 


mi:  l.T  IPO  I.,  Alt   ItOTAIlY    CONVKHTKHS. 

56.     The  windings  shown  in  Figs.  31,  'i'l,  and  33  give  the 
[■connections    for  two-pule    machines,    but  rotary  converters 


ALTERNATING  CURRENTS. 


SIS 


are  nearly  always  made  multipolar  in  order  to  reduce  the 
speed  of  rotation.  In  the  single-phase  machine  shown  in 
Fig.  31,  it  was  necessary  to  have  only  one  connection  to 
each  ring;  in  a  multipolar  machine  it  is  necessary  to  have 
as  many  connections  to  each  ring  as  there  are  pairs  of 
poles  on  the  machine.     Fig.  34  shows  the  connections  for 


a  six-pole  single-phase  rotary.  Here  the  ring  1  is  con- 
nected to  the  points  }(,  h,  and/",  while  '2  is  connected  at 
(,  <i,  and  e,  these  points  being  the  etjiiivak-nt  of  IHO"  apart. 
If  only  two  connections  were  made,  as  in  Fig.  ;tl,  the  whole 
of  the  winding  would  not  be  utilized.  Fig.  '^^  represents 
the  same  armature  connected  up  as  a  three-phase  rotary. 
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■  Bcrc  each  of  the  three  rings  has  three  cjnnections,  as  before, 
*nd  these  connections  are  the  equivalent  of  120"  apart.     For 

Eexample,  the  angular    distance  from  k  to  f    is    one-third 

■  the  distance  from  north  pole  to  north  pole,  which  repre- 
rsents  360  degrees.  Such  a  winding  would,  therefore,  have 
I  the  three  connections  c,  d,  e  for  ring  i;  f,  g,  h  for  ring  &\ 
I  and  k,  I,  m  for  ring  S,  there  being  as  many  connections  for 
B-AifA  ring  as  there  are  pairs  of  poles. 

56.    Fig.  3(1  shows  the  construction  of  a  modern  three- 
f  phase  rotary  converter.       The  three  collector  rings  are  seen 


^t  the  left-hand  end  cif  thf  machine  and  the  commutator  is 
lliown  at  the  right.       LikL-  ;dlernators,  rotary  converters  are 
ItuiU  f'>r  a  large  range  of  out  put  and  frequency. 


\ 
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AliTEKNATORS    WITH    CliOSED-CLRCUIT 

ARMATUBES. 

57*  In  all  that  has  been  said  relating  to  armature  wind- 
ings for  alternators  we  have  considered  the  open-circuit 
style  of  winding  only.  This  style  of  winding,  as  already 
pointed  out,  is  used  more  than  the  closed-circuit  type,  because 
it  allows  the  generation  of  a  higher  E.  M.  F.  than  the  latter 
with  a  given  number  of  armature  conductors.  Alternators 
are,  however,  frequently  provided  with  closed-circuit  wind- 
ings. For  example,  the  rotary  converter,  outside  of  the 
addition  of  the  commutator,  is  practically  an  alternator  and 
could  be  run  as  such.  This  machine  has  a  closed-circuit 
winding,  the  same  as  a  continuous-current  dynamo,  and  a 
number  of  taps  are  simply  brought  out  to  the  collector  rings. 
In  these  machines  the  armature  is  provided  with  a  regular 
closed-circuit  winding  that  is  generally  about  the  same  as 
those  described  in"  connection  with  armature  windings  for 
multipolar  direct-current  dynamos.  Instead,  however,  of 
attaching  a  commutator  as  there  described,  the  winding  is 

tapped  at  two  or  more  equidistant  points 
and  the  terminals  brought  to  collector 
rings.  For  example,  in  Fig.  37  the  cir- 
cle 1-2S-J^  represents  the  closed-circuit 
winding  tapped  at  the  four  points  7,  2^ «'?,  I^. 
The  terminals  1\  il\  J',  4'  connect  to  four 
collector  rings.  The  current  obtained 
from  1\  S'  will  differ  in  phase  by  90°  from 
Fig.  37.  that    in   2\  Jf\  so  that   this   arrangement 

would  be  suitable  for  a  two-phase  alternator. 

In  Fig.  37  the  winding  is  supposed  to  be  used  in  a  two- 
pole  field,  so  that  the  tapping  points  are  at  right  angles  to 
each  other.  The  style  of  winding  and  connection  shown  in 
Fig.  37  is  one  that  has  been  used  very  extensively  by  the 
Westinghouse  Company  for  their  two-phase  alternators.  If 
it  is  desired  to  operate  a  two-phase  three-wire  system  from 
such  a  machine,  three  of  the  collector  rings,  or  taps,  are  used, 
as,  for  example,  1\  S\  2\     It  is  evident  that  no  tWQ  of  the 
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taps  could  be  connected  together  without  short-circuiting  a 
portion  of  the  armature.  If  a  three-wire  two-phase  sys- 
tem were  operated  from  lines  1\  3\  2\  one  phase  would  be 
between  1'  and  2'  and  the  other  between  3'  and  2'.  Also, 
if  the  E.  M.  F.  between  1'  and  3\  i.  e.,  the  E.  M.  F.  per 
phase  with  the  four-wire  arrangement  were  E,  then  the 
E.  M.  F.  between  /  and  2\  or  the  E.  M.  F.  per  phase  in  the 

E 
second  case,   would  be  If    a   three-phase   two-pole 

1.414 

machine  were  required,  the  closed-circuit  winding  would  be 

tapped  at  three  equidistant  points. 


J.    11.-17 


fELFXTRIC    TRANSMISSION 


INTBODUCTOBY. 

1.  Klectric  transniJeHlon  may  be  delined  as  the  trans- 
ferring of  power  from  one  point  to  another  by  means  of 
electricity.  The  power  so  transmitted  may  l>e  used  for  any 
of  the  numerous  applications  to  which  electricity  is  now 
adapted,  such  as  operating  motors,  lights,  electrolytic  plants, 
etc.  The  distance  over  which  the  power  is  transmitted 
may  vary  from  a  few  feet,  as  in  factories,  to  several  miles, 

in  some  of  the  modern  long-distance  transmission  plants. 

3.  A  power-transmission  system  consists  of  three  essen- 
tial parts;  (a)  The  station  containing  the  necessary  dyna- 
mos and  prime  movers  for  generating  the  electricity ;  ((^)  the 
line  for  carrying  the  current  to  the  distant  point ;  and  (c)  the 
irarious  receiving  devices  by  means  of  which  the  power  is 
Utilized. 

3.  Electric  transmission  may  be  carried  out  either  by 
using  the  direct  current,  the  alternating  current,  or  a  com- 
bination of  the  two.  Generally  speaking,  in  cases  where 
the  transmission  is  fairly  short,  the  direct  current  is  used. 

'hen  the  distance  is  long,  it  is  best  to  use  the  alternating 

irrent.     In  cases  where  the   distance  is  long  and  where 

Iternating  current  is  not  well   adapted  to  the  operation  of 

receiving  devices,  the  current  transmitted  over  the  line 

Iternating,  and  this  current  is  changed  to  direct  current 

the  distant  end  and  there  distributed,  thus  forming  a 
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combination  of  the  two  systems.  The  special  applications 
of  electric  transmission  to  railway  and  lighting  work  will  be 
taken  up  later  in  connection  with  those  branches  of  the 
subject;  for  the  present,  the  object  is  only  to  bring  out 
a  few  important  points  relating  to  the  subject  of  elec- 
tric-power transmission  generally.  Practically,  all  electric- 
power-transmission  plants,  whether  direct  or  alternating, 
use  constant-potential  dynamos,  i.  c.,  the  dynamos  in  the 
power  station  maintain  a  nearly  constant  pressure  and  the 
current  varies  with  the  load. 

4.  Power  transmission  is  extensively  used  in  connection 
with  water-powers  that  would  in  many  cases  be  of  little 
use  on  account  of  their  being  located  away  from  railways  or 
commercial  centers.  It  is  also  coming  into  use  largely  in 
factories  to  replace  long  lines  of  shafting  and  numerous 
belts,  which  are  wasteful  of  power.  Its  most  extensive  use, 
however,  is  in  connection  with  the  operation  of  street  rail- 
ways, where  the  power  is  transmitted  from  the  central  sta- 
tion to  the  cars  scattered  over  the  line.  The  style  of 
apparatus  used  will  depend  altogether  on  the  special  kind  of 
work  that  the  plant  is  to  do,  and  the  type  best  adapted  for 
a  ^iven  service  will  be  taken  up  when  the  different  trans- 
mission systems  are  treated  later. 


THE  POWEll  STATIOX. 

5.  The  i>o\vor  station  is  a  buiklinj^  intended  for  the 
reception  of  all  the  apparatus  necessary  for  the  economical 
and  reliable  generation  of  power  and  its  transformation  into 
electric  energy  for  transmission  to  the  points  where  it  is 
t.)  be  used.  It  is  usual,  where  j^^round  is  not  expensive,  to 
build  a  one-story  structure,  j)'roviding  room  for  offices,  stores, 
machinery,  eti\,  or  a  separate  buildiny^  may  be  erected  for 
offices  and  stc^res. 

O.  Prime  Movoi-s. — At  present  there  are  three  kinds  of 
prime  movers  in  common  use  for  electric-power-transmission 
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I'lrork.      These  are  stenm  enjjTnes,  ■wnloru'lioclH,  and  igas 

Tar  oil  engrlnes.     Steam  is  used   more  as  a   smirce  (if  power 

[.than    either    water   or    gas,   but    the  development  o(  Inng- 

flistance  power  transmission  has  ttreatly  increased  the  use  of 

i  water-power,  and  the  gas  engine  is  rapidly  gaining  in  favor. 


STEAM  PI..ANT8. 
Engines. — The  type  uf  engine  that  is  most  snitaliie 
L  (or  a  i>ower  station  depends  entirely  on  the  size  of  the 
I  system  and  on  the  general  requirements  of  the  service, 
I  The  closest  speed  regulation  under  widely  varying  loads  is 
L.obtained  with   high-speed,  automatic   cut-off  engines,  and 

■  this  class  is.  therefore,  particularly  suitable  for  small  electric 

■  railways  and  lighting  plants.     A   little   consideration   will 
'  that  such  systems  may  furnish  extremes  of  load  at 

sry  short  intervals;  for  if  there  were  on  a  small  railroad 
f  one  car  in  service,  the  station  load  would  be  zero  (or 
ply  the  friction  of  the  moving  machinery)  when  the  car 
ras  at  rest  and  a  maximum  when  it  was  starting  on  a 
vy  grade.  Again,  in  a  small  lighting  plant,  a  large  pro- 
tortion  of  the  lamps  may  be  turned  on  or  off  at  once,  thus 
fusing  great  fluctuations  in  the  central-station  load.  In 
[eneral  it  may  be  stated  that  the  larger  the  system,  the 
warcr  will  the  load  approach  a  constant  normal  value.  In 
wry  large  systems  the  load  will  be  a  maximum  at  certain 
5  of  the  day  or  night,  and  will  gradually  fall  to  a  mini- 
lum  at  other  hours.  For  such  an  installation,  it  is  best 
I  use  low-speed  Corliss  engines  and  run  them  with  Con- 
ors, if  water  for  this  purpose  is  readily  available.  In 
'  plants  it  is  now  customary  to  use  large,  low-speed 
Jorliss  engines,  cither  of  the  horiaontal  or  vertical  type,  the 
r  being  preferable  where  the  floor  space  is  limited. 

Bollei-s.— The  boilers  in  most  general  use  are  those 
Sirrying  the  water  in  tubes  and  called  water-tube  boilers. 
c  reason  for  the  preference  being  that  they  steim  rapidly 
II  therefore  respond  quickly  to  extra  demands  made 
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upon  them.  Many  stations  are,  nevertheless,  equipped  with 
return-tubular  boilers,  whi/:h  give  entire  satisfaction.  For 
steady  work,  this  type  is  preferred  by  many  station  man- 
agers, as  the  steam  pressure  in  a  water-tube  boiler  will  fall  as 
easily  as  it  rises,  if  the  boiler  is  not  properly  fired ;  on  the 
score  of  safety,  however,  water-tube  boilers  are  doubtless 
superior.  When  space  is  very  limited,  vertical  boilers  are 
sometimes  put  in. 

Mechanical  stokers  are  much  used  when  it  is  desired  to 
burn  fine  coal,  and  in  such  cases  generally  prove  economical ; 
also,  economizers  may  be  placed  in  the  chimney,  close  to  the 
boilers,  their  function  being  to  warm  the  feedwater  by 
means  of  the  waste  furnace  gases.  The  boiler  room  should 
be  designed  with  a  special  view  to  the  expeditious  handling 
of  coal  and  ashes  with  a  minimum  of  labor.  To  accomplish 
this,  it  is  well  to  deliver  the  coal  from  a  railroad  car  and 
unload  directly  into  bunkers,  from  which  it  can  readily 
be  supplied  to  the  several  boilers.  These  bunkers  should 
have  storage  capacity  for  at  least  15  days,  unless  there  is 
another  large  supply  easily  accessible.  A  subway  may  be 
built  beneath  the  ash-pits,  and  these  may  be  fitted  with 
doors  to  open  downwards,  through  which  the  ashes  can  be 
swept  into  a  small  car  running  on  a  track  beneath.  This  is 
a  refinement  of  practice  perhaps  justifiable  only  in  the  case 
of  very  large  plants. 

Provision  must  be  made  for  a  plentiful  supply  of  v/ater. 
It  is  not  always  well  to  trust  entirely  to  city  mains,  although 
this  source  is  usually  reliable.  When  the  station  is  not 
located  near  running  water,  it  may  be  found  advisable  to 
sink  a  well,  from  which  water  may  be  pumped  into  a  tank 
and  the  water  from  the  mains  used  only  in  cases  of  emergency. 

9.  Steam  Plplnjjr. — The  steam  piping  for  the  station 
should  receive  the  most  careful  thought,  as  it  is  of  the  great- 
est importance,  and  on  its  correct  design  will  depend  the 
prime  requisite  of  successful  operation,  which  is,  that  under 
no  circumstances  should  there  be  failure  of  the  current  supply 
to  the  lines.     Some  of  the  engines  in  many  power  stations 


SlUSt  be  kept  turning  all  the  time.  The  simplest  means  of 
nnnection  is  to  supply  steam  to  each  engine  from  an  inde- 
wndent  boiler,  but  the  objection  to  this  is  that,  in  the 
fevent  of  trouble  with  any  boiler  necessitating  repairs,  its 
mgine  would  alsi^  be  put  out  of  service.  To  overcome  this 
^fliculty,  the  boilers  might  all  be  connected  together  by  a 
■team  main,  as  at  m.   Fig.   1;   this   is   provided  with  stop 


ialves  V,  t;  which,  with  the  valves  T',  at  the  engines  and 
those  at  the  boilers  i'„  afford  a  means  of  disconnecting  any 
^gine  or  boiler  without  affecting  the  rest  of  the  plant, 
this  system  is  the  cheapest  reliable  one,  but  is  not  the  safest, 
ie  there  is  no  duplication  of  pipes,  and  if  one  were  to 
mrst  or  otherwise  get  out  of  order,  the  engine  or  boiler 
loiinected  to  it  would  lie  put  out  of  service. 
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10.  There  are  two  principal  methods  of  installing  a 
duplicate  system,  and  they  dilTer  at  first  sight  only  in  point 
of  size  of  pipes.  A  diagram  of  the  arrangement  is  shown  in 
Fig.  2,  Two  mains  m,  w/,  run  the  whole  length  of  the 
boiler  room,  being  connected  on  one  side  with  leaders  to  the 
boilers  <?,  b,  c,  and  on  the  other  with  leaders  passing  through 


the  fire-wall  n'  to  the  engines.  These  connecting  pipes,  it 
will  be  seen,  are  all  in  pairs,  and  start  fmrn  the  two  mains; 
each  one  is  provided  with  a  stop  valve  v  at  the  end,  and 
every  pair  terminates  in  a  cast-iron  Y,  both  at  the  drum  of 
the  boiler  and  at  the  engine.  This  system,  therefore,  pro- 
vides a  double  path  for  the  steam  between  any  engine  and  any 
boiler,  and  renders  almost  wholly  improbable  a  suspension 
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■of  opcrntiun    ihif   to  accident   to   the   steam-power   jjcner- 

piting  plant.     The  difference  alluded   to   between   the  two 

methods  of  duplicating  is  that  in  one  system,  pipes  are  pro- 

■iVided  of  such  size  that  one  set  alone  will  carry  the  steam  for 

■the  engines  and  the  duplicate  pipinpf  is  held  as  a  reserve, 

■  while  in  the  other,  the  pipes  are  of  smaller  size  and  are  in 
I  use  all  the  time,  iheir  combined  area  of  cross-section  being 
I  necessary  for  delivering  the  steam  at  the  determined  pres- 

The  first  system  is  used  quite  frequently,  but  has. 
[  nevertheless,  many  disadvantages.  It  is  impossible  to  keep 
I  the  valves  connecting  with  the  reserve  piping  closed  so 
I  tightly  that  no  steam  will  leak  past,  and  there  is  always  a 
fcpressure  indicated  on  the  gauge.  The  exposure  of  all  this 
purfacB  to  condensation,  even  though  protected  by  non- 
ionducting  covering,  entails  a  continual  waste  of  energy, 
ind  the  drips  always  have  to  be  left  open  to  prevent  the 
Ppipes  filling  up  with  water.  Then,  the  first  cost  of  such  a 
[-Kystem  is  considerably  higher  than  if  the  smaller  pijws  were 
I  used,  and  repairs  are  more  expensive.  It  may  also  happen 
I  that  an  engineer  will  habitually  use  one  set  of  pipes  alone  for 
Is  long  period,  and  when  an  accident  compels  him  to  close 
I  this  set,  he  finds  that  the  valves  of  the  auxiliary  piping  have 
[become  seated  through  rust  or  deposits  from  the  water  and 
rnre  immovable,  and  a  shut-down  is   the  result.     With  the 

■  Becund  system,  the  exposed  surface  tii  pipes  is  less,  both 
isides  are  in  service  continually,  and  if  an  accident  should 
Coccur  to  one   branch,    the  remaining  branch    will  furnish 

■  Steam  until  a  repair  is  accomplished.  There  would  be, 
rthrough  the  one  pipe,  a  greater  drop  in  pressure,  but  this 
L'trould  easily  be  remedied  by  closing  the  valves  v_,  7\  or 

.  t',  communicating  with  the  rest  of  the  system  and  run- 
ning one  boiler  at  a  higher  pressure  for  a  time.  Other 
methods  of  piping  are  sometimes  resorted  to,  but  these  two. 
i  illustrated  in  Figs.  1  and  'i,  will  generally  be  found  to 
latisfy  the  conditions  of  simple  connections  on  the  one  hand 
r  the  more  cx|)ensive  but  more  reliable  construction  on  the 
kther.  Generally  speaking,  it  may  he  said  that  the  use  of 
■Uplicate  steam    piping   is  not   as  popular  as  it  once  was. 
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Some  of  the  most  modern  power  plants  do  not  use  duplicate 
piping,  but  take  great  care  to  see  that  everything  connected 
with  the  single  piping  is  of  the  best  possible  quality  and  has 
a  large  factor  of  safety.  If  proper  care  is  taken  in  selecting 
the  material  and  installing  the  piping  system,  there  should 
be  little  need  of  putting  it  up  in  duplicate. 

11.  General  Arrannroment. — The  general  arrangement 
of  a  steam  plant  depends  very  largely  on  the  style  of  machin- 
ery used.  In  any  event, 
the  boiler  room  and  engine 
room  should  be  separated 
from  each  other  by  a  fire- 
wall with  fireproof  com- 
municating doors.  The 
complete  separation  of  these 
departments  will  prevent 
accumulation  of  dust  on  the 
dynamos  and  engines  due 
to  the  handling  of  coal  and 
ashes.  In  some  cases,  where 
ground  space  is  limited,  the 
ints  are  placed  on  one 
fl(>i)r  and  the  dynamos  on 
floor  above,  the  power 
liein^f  transmitted  by  means 
of  bi'lts.  One  method  uses 
Mndividaal  driving  from 
^"^'  *-  each  engine  to  one  or  two 

dynamos  located  directly  above,  but  a  better  one  is  to 
make  use  of  ooiintershafts  on  the  engine  or  dynamo  floor,  or 
both.  These  countershafts  are  divided  into  sectiims  and 
fitted  with  friction  pulleys  in  such  a  way  as  to  permit  of  any 
desired  combination  of  engines  and  dynamos,  an  arrange- 
ment best  calculated  to  ensure  uninterrupted  service.  A 
simple  exam]»le  of  such  an  installation  is  shown  in  Fig.  3, 
the  l<)M-cr  view  being  an  elevation.  The  engines  are  on  the 
lower  floor  and  the  countershaft  c  on  the  upper  floor,  directly 
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^ib-^ve  tlie  flywheels  and  connected    by  belting  to  the  dyna- 
i/.     Two  engines  arc  indicated,  their  flywheels  a',  w 
ieing  dotted  in  the  plan. 


Another  plan  shnwing  the  general  arrangement  of 

uhinery  and  boilers  for  a  small  station  is  given  in  Fig.  4. 
c  engines  f,  c  are   placed  near   the  walls,   allowing   the 
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whole  center  of  the  room  for  the  dynamos  d.  At  one  end  is 
the  countershaft  ac^  which  may  be  divided  and  fitted  with  a 
coupling  at/"  for  disconnecting  one-half  of  the  generating 
plant  when  the  load  is  light.  The  switchboard  s  should  be 
near  the  dynamos,  but  not  so  close  as  to  be  liable  to  injury 
from  a  broken  belt.  Bevond  the  fire-wall  are  the  boilers  b. 
arranged  so  that  the  distance  from  them  to  the  engine  shall 
be  as  small  as  possible,  to  avoid  condensation  of  steam  in 
the  pipes. 

13.  The  two  foregoing  plans  using  belts  and  counter- 
shafts were  largely  used  at  one  time,  but  the  countershaft 
in  electric-power  plants  is  rapidly  going  out  of  existence. 
The  countershaft  not  only  involves  a  certain  waste  of 
power,  but  it  also  necessitates  the  use  of  a  large  amount  of 
belting.  Now  that  dynamos  are  built  to  run  at  lower  speeds 
than  formerly  and  are  made  in  larger  sizes,  the  need  of  a 
countershaft  does  not  exist  to  the  extent  it  once  did.  In 
medium-sized  plants  it  is  now  customary  either  to  belt  each 
dynamo  directly  to  its  engine  or,  what  is  still  better,  to 
have  the  armature  of  the  dynamo  mounted  directly  on  the 
shaft  of  the  engine.  This  last  method  of  direct  driving  is 
becoming  almost  universal  in  all  large,  modern  plants. 
The  dynamos  used  for  direct  connection  must,  of  course, 
run  slower  than  those  driven  by  belt,  because  their  speed 
must  suit  that  of  the  engine.  This  means  that  a  direct- 
connected  dynamo  must  be  larger,  heavier,  and  more  expen- 
sive for  the  same  output  than  the  belt-driven  machine. 
The  first  cost  of  the  direct-connected  machine  is,  therefore, 
greater  than  the  belt-driven  one.  This  extra  expense  is  to 
a  certain  extent  offset  by  the  absence  of  belting  and  the 
decreased  wear  and  tear  on  the  machinery  due  to  the  low 
speed  of  operation.  A  great  saving  in  floor  space  is  also 
gained  by  using  direct-connected  generating  sets,  and  this 
saving  of  space  is  an  important  item  in  large  cities,  where 
ground  is  very  expensive.  For  small  plants,  where  the 
first  cost  must  be  kept  down  and  where  economy  of  space  is 
not  necessary,  belted  units  are  still  installed  in  many  cases. 


engines  or  dynamos  may  be  easily  handled  in  casu 
'epairs  arc  necessary.  The  condenser  F  is  situated  in  the 
basement,  and  in  this  case  Ixith  the  air  pump  and  circula- 
ting pump  are  driven  by  electric  motors.  The  boiler  room 
is  situated  im  the  left  and  is  separated  from  the  engine  mom 
['by  a  firupn.Kjf  wall.     The  boilers  A'  are  of  the  water-tube 
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type.  The  hot  furnace  gases  pass  through  the  economizer  H 
on  their  way  to  the  stack,  and  thus  heat  up  the  feedwater 
before  it  enters  the  boilers.  Coal  is  delivered  to  the  hop- 
per C  by  means  of  the  conveyer  A^  and  from  C  it  is  fed 
to  the  boilers  by  means  of  the  chute  M  and  the  auto- 
matic stoker  g.  All  the  power  required  for  the  stokers, 
coal-handling  machinery,  etc.  is  supplied  by  electric  motors. 
The  hot  water  from  the  condenser  is  conveyed  to  a  tower  K^ 
where  it  is  allowed  to  fall  and  come  in  contact  with  a  cur- 
rent of  air  set  up  by  fans.  The  water  is  cooled  by  this 
means,  and  may  be  used  over  again  for  condensing  purposes. 
The  general  tendency  is  towards  a  centralization  of  electric 
light  and  power  plants,  while  the  former  practice  was  to  use 
a  number  of  smaller  plants,  each  located  near  the  district  to 
be  supplied.  The  consequence  is  that  city  plants  are  con- 
tinually increasing  in  size,  and  the  plant  shown  in  Fig.  5  is 
a  very  fair  example  of  one  of  these  more  recent  installations. 


WATER-POWER   PliANTS. 

16.    The  general  arrangement  of  a  water-power  plant 

must  be  made  to  fit  the  particular  water-power  that  is  used 
to  run  the  plant.  In  most  cases  the  station  is  situated  at 
or  near  the  stream  supplying  the  power,  and  the  type  of 
waterwheel  used  must  be  adapted  to  the  head  or  fall  of 
water  obtainable.  For  electric-powcr-transmission  work, 
two  kinds  of  waterwheels  are  in  common  use,  turbines  and 
tangential  or  impulse  wheels.  The  former  are  used  in  by 
far  the  greater  number  of  cases,  but  the  latter  are  especially 
adapted  for  use  in  connection  with  the  high  heads  met  with 
in  mountainous  districts.  Where  waterwheels  are  used  in 
connection  with  electric-power-transmission  plants,  they  are 
frequently  coupled  directly  to  the  dynamo.  The  wheel 
itself  in  such  cases  may  be  of  the  vertical  or  horizontal 
type,  but  the  latter  is  by  far  the  more  common,  because  it 
permits  the  use  of  ordinary  types  of  dynamo.  The  most 
notable  example  of  vertical  turbines  direct-connected  to 
dynamos  is  the  Niagara  plant,  part  of  which  is  shown  in 
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sction   in  Fig.  fi.     The  water  from  the  cana!  C  flows  into 

jfae  head-race  //and  thence  to  the  turbines  T  through  the 

mstocks  P.     The  wheels  are  placed  at  the  bottom  of  the 


ijieel  pit  and  the  revolving  fields  of  the  generators  G  are 
brried  by  the  vertical  shaft.  The  water,  after  leaving 
e  wheels,  drops  into  the  tail  race  K  and  passes  ofl'  through 
lie  tunnel  I' to  a  point  below  the  falls, 
1 16.  HorlKonUil  Tiirblnt'S. — Fig.  t  shows  a  typical 
(Taiigement  rif  a  horizontal  turbine,  or  rather  a  pair  of  tur- 
In  many  cases  these  turbines  are  direct-connected 
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to  the  dynamos,  an  arrangement  that  is  becoming  very 
common  in  water-power-transmission  plants,  where  the  con- 
ditions are  suited  to  this  method  of  operation.  It  is  very 
compact,  and  there  is  no  belting  or  gearing  of  any  kind. 
Sometimes  the  turbine  and  dynamo  are  both  mounted  on  the 
same  base,  while  in  other  plants  the  turbines  are  arranged  in 


one  riMim,  and  the  machines  are  drivL-n  by  the  shafts  which 
extend  thniugh  into  a  separate  dynamo  nwni.  When  the 
dynamos  have  to  run  at  a  hijjh  spetul,  it  is  necessary,  of 
course,  to  use  belting.  In  a  sf^'^t  many  plants  the  dyna- 
mos are  driven  by  vertical  turbines  through  belling  cir  gear- 
ing, hut  the  horizontal  type  is  gradually  replacing  the 
vertical  type  for  this  kind  of  work. 


GAS-KN<;iXK    I'l.iAN'TK. 

17.  Gas  engines  and  oil  engines  havt;  in  the  past  been 
used  to  but  a  very  limited  e.vtent  in  America  in  ciinnection 
with  electri'.'-power-transmission  j>lants.  One  of  the  objec- 
tions to  such   engines  was  ih  it   they  did  not  give  a  steady 
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and.  hence,  cjiiisetl  fluctuations  in  voltage.  This  has 
»n  overcome  in  the  later  types  of  engine,  and  the  gas 
will  no  doubt  come  largely  into  use  in  connection 
pth  electrical  work,  Power  can  be  obtained  from  coal 
lenpcr  by  converting  the  coal  into  gas  and  utilizing  this 
in  a  gas  engine  than  by  burning  the  coal  under  a  boiler 
using  a  steam  engine.  In  a  gas-engine  plant,  the 
Ixiilcrs  would  be  replaced  by  gas  producers  and  the  steam 
engines  by  gas  engines.  In  some  few  cases  natural  gas  is 
available,  but  generally  a  gas-producing  plant  would  have 
to  be  provided.  The  general  arrangement  of  such  a  station 
would  be  practically  the  same  as  that  already  described  for 
a  steam  plant. 

tLi:NE  CONDTJCTOllS. 
IS.  Before  going  on  with  a  consideration  of  the  princi- 
!S  involved  in  electric-power  transmission,  it  will  be  welt 
take  up  briefly  the  properties  of  the  melals  used  as  con- 
ductors. The  line  wire  is,  in  the  vast  majority  of  cases,  of 
copper.  Aluminum  is  now  coming  into  use  for  this  pur- 
pose, and  in  the  future  it  may  replace  copper  for  some  lines 
of  work.  Iron  or  steel  is  seldom  used  for  a  line  conductor, 
because  its  resistance  is  too  high.  There  is  one  particular 
ease,  however,  in  which  it  is  largely  used  as  a  return  con- 
ductor, and  thai  is  in  connection  with  electric  railways, 
where  the  current  is  led  back  to  the  power  house  through 
the  rails. 


<OI'I'KIt   (nXIU'CTOlW, 

10,  Baro  nntl  Ii»(iilntc?«i  Wlii^. — Line  conductors  are 
tisunlly  in  the  form  of  copper  wire  of  round  cross-section 
whenever  theconductor  isof  moderate  size.  For  conductors 
of  large  cruss-seclion,  stranded  cables  are  used,  made  up  of  a 
number  of  strands  of  small  wire  twisted  together.  This  con- 
struction makes  the  conductor  flexible  and  easy  to  handle. 
When  these  wires  or  cables  arc  strung  in  the  air,  they  arc 
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usually  insulated  by  a  covering  that  consists  of  two  or  three 
braids  of  cotton,  soaked  in  a  weather-proof  compound  com- 
posed largely  of  pitch  or  asphalt.  If  a  better  insulation  is 
required,  the  wire  is  first  covered  with  a  layer  of  rubber  and 


the  braid  applied  over  it.  For  underground  work,  the  con- 
ductor is  first  insulated  with  rubber  or  paper  soakud  in  com- 
pound and  the  whole  covered  with  a  k-ud  shekth  to  keep  out 


B£ 


moisture.  Fig.  8  shows  a  stranded  cable  for  underground 
work  provided  with  an  insulating  layer  of  paper  and  a  lead 
sheath.      Fig.  »  shows  an  ordinary  triple-braid  weather-proof 


overhead  line  wire,  and  Fig.  10  a  weather-proof  overhead 
cable.  When  the  pressure  used  on  the  line  is  very  high,  say 
10,000  volts  or  over,  bare  wires  are  often  used,  because  the 
ordinary  weather-proof  insulation  is  of  little  or  no  protection 
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against  such   pressures  :ind  only  gives  a  false  appearantt;  of 
icurity.      The  practice  for  such  lines  is,  therefore,  to  use 
ire  and  li)   insulate  this  wire  thoroughly  by  means  of 
icially  designed  insulators. 


WIRE  OAroBs. 

.  20.    Various    standards    or    ■«!«■    Rnnfces    have    been 

idopted  by  different  manufacturers,  but  the  safest  and  best 

hay  is  always  to  express  the  diameter  of  a  wire  in  vii/s,  or 

ihuusandths  of  an  inch,  and  its  area  of  cross-section  in  cirfii- 

r  mils.     The  American,  or  Brown  &  Sharpe,  gauge  is  used 

Iniost  exclusively  in  America  in  connection  with  electrical 

jrork,  but  it  is  always  well  to  give  the  diameter  of  the  wire 

B  well  as  its  gauge  number,  so  as  to  avoid  any  possibility 

[  mistake. 

t   21.     C'lrt-iilar    Mcusurt-.— The     diameter    of    a  wire    is 

isuaily  expressed  either  as  a  decimal  part  of  an  inch  or  in 

3-ms  of  a  unit  called  the  mil.     A  mil  is  equal  to  one-thou- 

isndth  of  an  inch,  i.  e. ,  1  mil  =  .001  inch.     For  example,  if 

1^  wire  were  two-hundredths  of  an  inch  in  diameter  (.030'),  it 

rould  have  a  diameter  of  'Mi  mils. 

A  circular  mil  is  a  unit  of  area  used  in  expressing 

e  area  of  cross-section  of  wires.     It  will  be  seen  later  that 

E'simple  relation  e-sists  between  the  diameter  of  a  wire  and 

S  area  of  cross-section  expressed  in  circular  mils,  so  that  if 

Btfaer  one  of  these  quantities  is  known   the  other  can  be 

Utdily  obtained.     If  the  diameter  of  a  circle  is  </ inches,  its 

[rea  in  square  inches  is  d'  X  .7854.     If  d  is  expressed  in 

Bnils,  the  area,  calculated  in  the  same  manner,  will  be  given 

B  square  mils. 

The  square  inch  is  not  a  convenient  unit  to  use 
r  expressing  the  area  of  cross-section  of  wires  because,  in 
!  first  place,  it  is  too  large,  and,  in  the  second  place, 
e  quantity  ."iXhA  makes  the  calculations  awkward  to  pcr- 
irm  rajiidly.      In  order  to  get  around  these  difficulties,  the 
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circular  mil  is  used  for  expressing  the  area  of  cross-section. 
The  circular  mil  is  the  area  enclosed  by  a  circle  of  which  the 
diameter  is  one  mil,  or  one  one-thousandth  of  an  inch.  Its 
area  is  therefore  (tu'itt)*  X  .7854,  or  .0000007854  square  inch. 
Suppose  now  that  we  have  a  wire  the  diameter  of  which 

is  d  mils.     Its  area  in  square  inches  will  be  t  \  X  .7854. 

But  we  have  seen  above  that  the  area  of  1  circular  mil 
is  .0000007854  square  inch,  hence  the  number  of  circular 
mils   that   there   must   be   in   a   wire   of  diameter   d  mils 


\1,000/   ^' 


7854 


is  -V— — Tj =  //• ;    or,  the  number  of  circular  mils 

Vrimi)    X  .7854 

cross-section  of  a  wire  is  equal  to  the  square  of  its  diameter 
expressed  in  mils.  If,  then,  we  know  the  diameter  of  any 
wire,  we  can  at  once  obtain  its  area  in  circular  mils  by 
expressing  the  diameter  in  mils  and  squaring  it. 

Example  1. — A  round  wire  has  a  diameter  of  .030  inch;  what  is  its 
diameter  in  mils  and  its  area  in  circular  mils  ? 

Solution. — Since  1  mil  =  .001  inch,  the  diameter  will  be  36  mils. 
Circular  mils  =  d^  =  36*  =  1.296.     Ans. 

Example  2. — What  would  be  the  area  of  the  above  wire  in  square 
mils  ? 

Solution. — Area  in  square  mils  —  ti"^  x  .7Hr)4,  where  it  is  the  diam- 
eter in  mils.  Hence,  square  mils  =  //^  X  .^854  =  1.2m)  x  .7854  =  1,018. 
nearly.     Ans. 

Example  3. — Find  the  area  in  circular  mils  of  a  round  copper  nxl 
i  inch  in  diameter. 

Solution. —  \  inch  -—  .250  inch  =  250  mils;  hence,  area  in  circular 
mils  =  250*  =  62.500.     Ans. 

Example  4. — Find  the  area  in  square  mils  <^f  a  ^-inch  square, 
copper  bar. 

Solution. —  \  inch  —  .500  inch  =  5(M)  mils.  Area  in  square  mils 
=  500  X  500  -  250.(KH).     Ans. 

Example  5. — A  round  rod  has  an  area  of  125,000  circular  mils:  what 
is  its  diameter  in  mils  ? 

Solution.  — We  have  area  in  circular  mils  —  //-,  or  tt — 
l^area  in  circular  mils  =  4'' 125,000  -.^  1554  mils,  nearly,  t>r  about  .354  in. 

Ans 
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22  ELECTRIC  TRANSMISSION.  §  U 

24.  The  Brown  &,  Sharpc  Gaugre. — This  gauge  is 
usually  termed  the  B.  &  S.  graugre,  and  is  generally  used  in 
the  United  States  for  designating  the  sizes  of  copper  wire. 
The  sizes  of  wire  as  given  by  this  gauge  range  from  No.  0000, 
which  has  a  diameter  of  .460  inch,  to  No.  40,  which  has  a 
diameter  of  .0031  inch;  the  higher  the  gauge  number  the 
smaller  the  wire.  The  rule  by  which  the  sizes  of  wire  increase 
as  the  gauge  number  diminishes  is  a  very  simple  one.  If 
we  take  any  given  gauge  number  as  a  basis  of  compari- 
son, a  wire  three  numbers  higher  will  have  very  nearly  half 
the  cross-section,  and  one  three  numbers  lower  will  have 
twice  the  cross-section.  For  example,  a  No.  4  wire  has 
twice  the  cross-section  of  a  No.  7,  and  a  No.  10  has  one-half 
the  cross-section  of  a  No.  7. 

25.  Another  point  that  is  useful  to  bear  in  mind  in 
reference  to  the  B.  &  S.  gauge  is  that  a  No.  10  wire  has  a 
diameter  of  very  nearly  -|V  ^^^h  and  that  its  resistance 
per  1,000  feet  is  almost  exactly  1  ohm.  By  remembering  the 
foregoing  properties  of  this  gauge  and  the  figures  relating 
to  the  No.  10  wire,  rough  calculations  may  be  made  as  to 
the  diameter  and  resistance  of  other  sizes.  It  is  better, 
however,  to  consult  a  good  wire  table  than  attempt  to 
burden  the  mind  with  a  lot  of  rules.  A  number  of  other 
gauges  are  in  use,  and  as  the  student  may  sometimes  find 
wires  given  in  terms  of  these,  Table  I  is  given,  showing  the 
diameters  of  wires  according  to  the  different  gauges. 

20.  Table  II  gives  the  properties  of  copper  wire  accord- 
ing to  the  B.  &.  S.  gauge.  Sizes  smaller  than  No.  14  are 
seldom  used  for  electric  transmission,  but  the  comi)lete 
table  is  given  for  reference,  as  the  small  sizes  are  largely 
used  in  connection  with  the  windings  of  various  types  of 
electrical  apparatus.  The  resistances  as  given  in  this  table 
are  based  on  the  standard  used  by  Matthiessen  in  his  experi- 
ments; if  the  purity  of  the  copper  is  not  up  to  this  .standard, 
its  resistance  may  run  somevdiat  higher  than  the  values 
given  in  the  table,  but  the  difference  will  not  be  very  great, 
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because  copper  wire,  as  now  manufactured,  is  remarkably 
pure.  All  the  weights  given  are,  of  course,  for  bare  copper 
wire. 

27.     Table  III  gives  the  approximate  weights  of  weather- 
proof line  wire,  such  as  is  used  for  ordinary  outside  lines. 


TABIiE  III. 


APPROXIMATE  WEIGHTS  OF  WEATHER-PROOF  WIRE. 

{American  Electrical  Works.) 


Triple-Braided 

Insulation. 

Size. 

Feet  per 
Pound. 

Pounds  per 
1.000  Feet. 

Pounds 
per  Mile. 

Carrying  Capac- 
ity, Amperes, 
National  Board 
Fire  Underwriters. 

4-0 

1.34 

^       742 

3,920 

312 

3-0 

1.64 

609 

3,215 

262 

2-0 

2.05 

487 

2,570 

220 

0 

2.59 

386 

2,040 

185 

1 

3.25 

308 

1,625 

156 

2 

4.10 

244 

1,289 

131 

3 

5.15 

194 

1,025 

110 

4 

6.26 

160 

845 

92 

5 

7.46 

134 

710 

77 

C 

9.00 

111 

585 

65 

8 

13.00 

73 

385 

46 

10 

20.00 

50 

265 

32 

12 

29 .  00 

35 

182 

23 

14 

38.00 

26 

137 

16 

16 

48.00 

21 

113 

8 

18 

67.00 

15 

81 

1 

5 
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TABIiE  III. — Continued. 


Doublb-Braidbd  Insulation. 


Size. 

Feet  per 
Pound. 

Pounds  per 
1,000  Feet. 

Pounds 
per  Mile. 

Carrying  Capac- 
ity, Amperes, 
National  Board 
Fire  Underwriters. 

4-0 
3-0 
2-0 

1.40 

1.75 

.2.29 

711 
570 
436 

3,754 
3,010 
2,300 

312 
262 
220 

0 
1 
2 
3 

2.81 
3.56 
4.49 
5.45 

355 
281 
223 

184 

1,875 

1,482 

1,175 

969 

185 
156 
131 
110 

4 

6.82 

147 

774 

92 

5 

9.10 

110 

580 

77 

6 

10.35 

97 

510 

65 

8 

15.52 

64 

340 

46 

10 

22.00 

45 

237 

32 

12 

40.00 

25 

132 

23 

14 

50 .  00 

18 

95 

16 

16 

70 .  00 

13 

09 

8 

18 

100.00 

10 

53 

5 

28,  Tabic  IV  gives  the  approximate  dimensions  of 
stranded  insulated  weather-proof  cables  for  overhead  work. 
The  area  of  cross-section  of  such  cables  is  always  designated 
as  so  many  circular  mils,  and  not  by  gauge  number.  In 
fact,  any  conductor  larger  than  No.  0000  is  usually  desig- 
nated by  its  area  in  circular  mils.  Cables  such  as  those 
given  in  Table  IV  are  extensively  used  for  street-railway 
feeders  or  for  any  other  purpose  requiring  a  large  conductor. 


ALUMINl\M   CONDUCTORS. 

29,  Mention  has  already  been  made  of  the  fact  that 
aluminum  is  being  used  for  electrical  conductors,  because 
this   metal   can   now  be  sold   at   a   figure   low   enough   to 
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TABLE    IV. 


STANDARD  WEATHER-PROOF  FEED- WIRE. 

{Roebiing's.) 


oS 

Weights. 

6    » 

Pounds. 

Circular  Mils. 

Outside  Dia 
Inche 

1,000  Feet. 

Mile. 

1,000,000 

li 

3,550 

18,744 

900,000 

Hi 

3,215 

10,975 

800,000 

m 

2,880 

15,200 

750,000 

lA 

2,713 

14,325 

700,000 

Wz 

2,545 

13,438 

650,000 

li 

2,37iJ 

12,550 

600,000 

H'j 

2,210 

11,008 

550,000 

l.v 

2,043 

10,787 

500,000 

H 

1,875 

9,900 

450,000 

Uh 

1,703 

8,992 

400,000 

lA 

1,530 

8,078 

350,000 

1 

1,358 

7,170 

300,000 

Ifl 

1,185 

0,257 

250,000 

II 

1,012 

5,343 

4) 


g 

o 

u 


o 


C3U 


800 

800 

850 

850 

900 

900 

1,000 

1,200 

1,320 

1,400 

1,450 

1,500 

1,000 

1,000 


^   J3   ■■ 
U 


u 


bo  c  *§ 
•r-  -r.  ^ 


.««    •.-<    ^ 
U      rt      gj 


•  t-4 


1,000 
920 
840 


700 
080 
590 
500 
400 


compete  with  copper.  Its  conductivity  is  only  about  (;0  per 
cent,  that  of  copper,  so  that  for  a  conductor  of  the  same 
resistance  a  larger  cross-secticm  is  required.  Aluminum  is, 
however,  so  much  lighter  than  copper  that  the  larger  cross- 
section  can  be  used  and  still  compete  with  the  latter  metal, 
although  the  cost  per  pound  of  the  aluminum  may  be  con- 
siderably higher.  Line-construction  work  is  scmiewhat  more 
difficult  with  aluminum  than  with  copper;  joints  are  more 
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difficult  to  make  and  there  is  greater  liability  of  the  spans 
breaking.  A  comparison  of  some  of  the  properties  of  alumi- 
num and  copper  is  given  in  Table  V. 


TABIiE  V. 


CX>MPARI80N  OF  PROPERTIES  OP  COPPER  AND  ALUMIXUM, 


Aluminum. 


Conductivity  (for  equal  sizes) 

Weight  (for  equal  sizes) 

Weight    (for  equal,  length  and   re- 
sistance)   

Price,  Al.  29c. ;  Cop.  IGc.  (bare  line 
wire) 

Price  (equal  resistance  and  length, 
bare  line  wire) 

Temperature     coefficient     per     de- 
gree F 

Resistance  of  mil-foot  (20°  C.) 

Specific  gravity 

Breaking  strength  (equal  sizes) .... 

Tensile  strength  (pounds  per  sq.  in., 
hard  drawn) 

Coefficient    of    expansion    j)er    de- 
gree F 


.  64  to  .  63 
.33 

.48 

1.81 

.868 

.002138 
18.73 

2 . 5  to  2 .  (»8 
1. 

40,000 

.()ooo2;u 


Copper. 


1. 
1. 

1. 

1. 

1. 

.002155 
10.05 

S.89to8.93 
1. 

60,000 

.  OOOOOlKj 


IKON    AVIKK. 

30.  Iron  wire  is  used  largely  for  telegraph  and  telephone 
wf)rk,  but  it  is  seldom  employed  in  connection  with  electric 
transmission  because  of  its  high  resistance.  The  approxi- 
mate value  of  the  resistance  per  mile  of  a  good  quality  of 
iron  wire  may  be  determined  from  the  formula 

where  ti  —  diameter  of  wire  in  mils. 
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TABLE  VI. 

OlMKN'ilON'S  .V>n   HEMISTANCE  OF  IROX  WIRE, 


1  - 

< 

Weight  In 

Breaking 

- 

■tlWF. 

»i1c 

Feel. 

Iron. 

..„,. 

B.B.H. 

H.B. 

Sleel. 

»40 

U5.600 

304,0 

1,807 

4.821 

0,079 

3.93 

3.43 

4.05 

^^^Vl 

8UU 

90,000 

337.0 

1.251 

3.733 

7,068 

3,78 

4.40 

5,20 

^^M* 

as4 

80,05(1 

312.0 

I.I3I 

8.88H 

fl,335 

4,  IB 

4,B1 

5.80 

^H-8 

259 

07.0«l 

17T.0 

932 

3.79« 

5.368 

504 

.^.90 

0.97 

^■4 

388 

.10.044 

149-0 

787 

3,301 

4,448 

5  97 

0.09 

8.20 

^B« 

390 

4S.4O0 

m.o 

073 

3.019 

3,801 

4,99 

8.18 

9,06 

^^B'V 

3(13 

41,309 

109.0 

r)73 

1,719 

3,237 

8,31 

9,«<) 

11.35 

^^^K7 

ISO 

32.400 

85.0 

450 

1,850  1  3,54.^ 

10,44 

12.21 

14.43 

^^Bfi 

ISA 

ar.san 

73.0 

»7S 

i,ia4 

3,138 

12.42 

14..'^ 

17.18 

^^^■4 

148 

21,004 

38.0 

803 

915 

1,720 

1.1.44 

18.00 

31.85 

^^Hm 

m 

IT.OSO 

47,0 

a-w 

75.) 

1.410 

18.88 

23,04 

30,04 

^^H] 

i«) 

14.400 

8a.o 

200 

em 

1,131 

33-48 

27.48 

33,47 

^^^Ks 

108 

II.S81 

ai.o 

16.^ 

495 

933 

38,46 

33-30 

30,36 

^^^n 

»3 

9.IG.'5 

84.0 

Vl'i 

375 

709 

87,47 

43-85 

51.83 

^^^Bjc 

«3 

fl,88B 

16.0 

9fi 

38S 

541 

39.08 

57-44 

07,68 

^^Kt 

73 

n,tH4 

13.7 

72 

310 

407 

65.23 

76.33 

90.21 

^^^Bp 

r> 

4.925 

11. 1 

69 

177 

883 

80.03 

93-66 

110.70 

^^B<t 

M 

8.804 

8.9 

47 

141 

204 

100,50 

120-40 

139,00 

» 

49 

2.40t 

8.3 

33 

90 

189 

140,80 

164.80 

194.80 

For  steel  wire,  which  is  often 
bis  formula  becomes  approximai 
„      47(i.oitn 


sed   in  place  of  i 


(3.) 


[  31.  The  various  grades  of  iron  wire  on  the  market  are 
termed  "Extra  Best  Best,"  -'Best  Best,"  and  "Best,"  A 
teel  wire  is  also  used,  which  Is  cheaper  and  of  higher  resist- 
ice  than  iron.  It  has  an  advantage,  however,  of  possess- 
|)g  frreater  tensile  strength.  It  should  not  be  used  except 
3  short  lines  or  in  special  cases  where  it  is  desirable  to 


I 


TABI>E  VII. 


Rcsislance  per  1.000  Feet. 

Huxlmum  Cur- 
rent Carrying 

Number 
B.&S.  Gauge. 

International  Ohma. 

Capacity 
in  Amperes 

18*. 

30*. 

18*  wire. 

6 

7.20 

11.21 

7 

9.12 

14.18 

K 

Ii.54 

17.95 

'J 

14,55 

22.03 

in 

18.18 

28.28 

8.5 

2a.  84 

36.63 

5.4 

2«.B1 

44.82 

4.6 

3U.48 

5B.75 

3.8 

14 

4(j.  I ; 

71.82 

3.2 

Ifl 

S8.21 

90.55 

2.7 

irj 

73.72 

113.13 

2.8 

n 

!t:t.40 

146.29 

1.9 

18 

nK20 

I«:).87 

1.65 

I'.i 

14r».H4 

237.03 

1.21 

20 

184.  OS 

2sr.as 

.99 

21 

233.02 

31)2. 32 

.88 

22 

295.38 

459.48 

.06 

T.i 

370. 2r, 

575.96 

.56 

24 

4(18.18 

728.38 

.488 

2/) 

690.22 

918.12 

.434 

2(5 

748,08 

1,103.68 

.385 

27 

937. 98 

1,469.08 

.  343 

38 

l.l»l-34 

1,853.04 

29 

1,481.22 

2,304.12 

30 

1,891.80 

2,942.80 

SI 

2,388.00 

3,716.60 

32 

2,956.00 

4,697.60 

33 

3,751.20 

5,836.20 

34 

4.704.00 

7,411.60 

35 

0,031.80 

9,382.80 

36 

7,565.40 

11,708.40 
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:  great  tensile  strength.  Table  VI  gives  the  weight, 
iesUtance,  etc.  of  iron  wire  according  to  the  Birmingham 
■fire  gauge,  which  is  most  commonly  used  in  connection 
^th  iron  wire. 


QERMAN'SILVEit  WIRE. 

,  33.    German-silver  wire  is  used  principally  in  resistance 

WXes  or  electrical  instruments  where  a  high  resistanL-e  is 
iqutred.  The  resistance  of  this  wire  varies  greatly  accord- 
ing to  the  materials  and  methods  of  manufacture  used.  It 
is  an  alloy  of  copper,  nickel,  and  zinc,  and  has  a  resistance 
anywhere  from  18  to  28  times  that  of  copper.     Its  resistance 

ibanges  only  to  a  small  extent  with  changes  in  temperature, 
ft  feature  of  value  in  connection  with  rheostats  and  resistance 

K>xcs.  Table  VII  gives  some  of  the  properties  of  German- 
■ilver  wire  containing  18  or  ;!i)  per  cent,  of  nickel. 


POWEIt   TRANSMISHIO?^    ISY    DIRECT 
CUUItENT. 

H3.  Up  to  within  a  comparatively  recent  date,  electric 
transmission  for  power  purposes  was  carried  out  by  means 
I  the  direct  current,  alternating  current  being  used  when 
Bic  power  was  required  for  lighting  purposes  only.  Later, 
sr,  alternating-current  motors  came  into  ust;,  and  at 
E  present  time,  large  transmission  systems  use  alternating 
ilirrent  both  for  light  and  power  We  will  first  take  up 
e  of  direct  current  ami  see  what  conditions  are  neces 
try  in  order  that  power  may  be  transmitted  to  the  best 
dvantage. 

[  34.  Dynamos*  and  Motors  Used. — Direct -current  dyna- 
I  may  be  either  of  the  constant-current  or  the  constant- 
Hential  type.  There  are  but  very  few  power-transmission 
Ksteroa  operated  by  constant-current  dynamos,  so  few  that 
]^is  not  worth  while  considering  such  systems.      Practically 
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all  the  current  is  distributed  at  constant  potential  and,  in 
America,  compound- wound  dynamos  are  generally  used. 
The  motors  used  in 
connection  with  such 
constant-potential  sys- 
tems are  generally  of 
the  shunt  type,  if  used 
for  ordinary  stationary 
work,  such  as  driving 
machinery.  If  used  for 
railway  work,  hoisting, 
mine  haulage,  etc.,  they 
are  of  the  series  type. 
For  some  kinds  of  spe- 
cial work,  such  as  run- 
ning printing  presses, 
elevators,  etc.,  com- 
pound-wound mojora 
are  used,  but  such  mo- 
tors  are  few  in  num- 
ber compared  with  the 
others. 


:i- 

.     Sill 

pie  Power 

Tiiii 

stiilsnloM  Sj-stein 

Ah,. 

I  the 

implest  pus 

sil.le 

systt't 
r    tra 

1  of  electric 
amission     i^ 

that 

showt 

in   Fig.  11 

H,;rc 

we    1 

ave  a   com 

prnnul- wound  dynamo 
.7  driven  by  means  of 
an  enjrinc  not  shown. 
This  dynamo  sends  a 
cTirront  through  the 
mi>t<.r  />'  by  means  of 
the  lines  .1/.  J/.  The 
instant  sp,:ed  and  its  scries  winding 
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i  adjusted  su  that   the   pressure  at   the  terminals  nf   the 

4ynamo  rises  slightly  as  the  current  increases,  due  to  the 

[increase  of  the  load  on  the  motor.     This  slight  rise  in  volt- 

Jige  IS  to  make  up  for  the  loss  in  pressure  in   the  line,   as 

will  be  explained   later.     The  pressure  at  the  motor  as  a 

whole,  however,  remains  nearly  constant,  no  matter  what 

■load  the  motor  may  be  carrying,  but  the  current  supplied 

icrcases  as  the  load  is  increased.     Of  course,  lamps  could 

also  be  operated  on  the  same  system,  although  it  is  advi- 

»blc  to  have  separate  circuits  for  the  lamps  and  motors 

whenever  possible,  because  if  the  load  on  the  motor  fliictu- 

Entes,  it  is  apt  to  cause  variations  in  the  lights.     When  both 

Kttghts  and  motors  are  operated,  such  a  system  would  probably 

Mse  a  pressure  of  110  volts  at  the  receiving  end  of  the  circuit; 

~'i  used  for  power  alone,  a  pressure  of  USO  or  600  volts  would  be 

Jftmploycd.     It  should  be  mentioned  that  when  the  recelvlos 

fend  of  a  circuit  is  spoken  of,  the  end  distant  from  the  station 

B  meant,  because  this  is  the  end  where  the  various  devices, 

inch  as  lamps,  motors,  etc.,  receive  their  current. 


Ijost    Power  and   TJne  IJrop. — In   order   that   a 

■transmission   plant  may  be  cflicient,  the  generating  appa- 

linc,  and  motors  must   be  efficient.     Dynamos  and 

piotors  of  good  make  are  generally  satisfactory  as  regards 

i(;iency,  and  the  question  is,  how  efficient  can  the  line  be 

lade  ?     In  answer  to  this,  it  might  be  said  that  the  loss  of 

in  the  line  could  be  made  as  small  as  we  please  if 

^xpense  were  no  consideration.     All  conductors,  no  matter 

low  large,  offer  stime  resistance  to  the  current  and  there  is 

lound  to  be  some  loss  in  power.     By  making  the  conductor 

rcry  large  we  can  make  the  loss  small,  because  the  resistance 

will  be  low,  but  a  point  is  soon  reached  where  It  pays  better 

0  allow  a  certain  amount  of  power  to  be  lost  rather  than  to 

Bfurther  increase  the  size  of  the  conductor.     The  pressure 

Kessary  to  force  the  current  over  the  line  is  spoken  of  in 

lover-traDsmission  work  as  the  drop  in  the  line,  because 

^ts   pressure    is    represented    by    a    falling    off    in    voltage 

Btween  the  dynamo  and  the  distant  end  of  the  line, 

J.    It.— to 
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37.  If  R  is  the  resistance  of  the  line  and  C  the  current 
flowing,  the  drop  is,  from  Ohm's  law,  r  =  CR,  The  power, 
in  watts,  lost  in  the  line  is  CRx  C=C^R.  The  power 
lost,  due  to  the  resistance  encountered  by  the  current,  reap- 
pears in  the  form  of  heat.  The  power  generated  by  the 
dynamo  is  equal  to  the  product  of  the  pressure  generated  by 
the  dynamo  and  the  current  flowing ;  or,  if  £^  represents  the 
dynamo  pressure,  then 

Watts  generated  =  JV^  =  E^x  C,  (3.) 

The  power  delivered  at  the  end  of  the  line  is  equal  to  the 
product  of  the  pressure  at  the  end  of  the  line  multiplied  by 
the  current,  or,  if  E^  represents  the  pressure  at  the  distant, 
or  receiving,  end,  then 

Watts  delivered  =  IV^  =  E^x  C.  (4.) 

It  should  be  particularly  noted  at  this  point  that  the  cur- 
rent C  is  the  same  in  all  parts  of  the  circuit.  Thus,  in 
Fig.  11  the  same  current  flows  through  the  motor  that  flows 
through  the  dynamo,  unless  there  is  leakage  at  some  point 
between  the  lines,  and  this  would  not  be  the  case  if  the  lines 
were  properly  insulated.  What  docs  occur  is  a  drop  or  loss 
in  pressure  between  the  station  and  the  receiving  end,  but 
there  is  practically  no  loss  in  current  except,  perhaps,  in  a 
few  cases  where  the  line  pressure  is  exceedingly  high  or  the 
insulation  unusually  bad.  This  point  is  mentioned  here 
because  the  mistaken  idea  that  there  is  a  loss  of  current  in 
the  line  is  a  common  one. 

38,  We  have  already  seen  that  the  number  of  watts  lost 
in  the  line  is  given  by  the  equation 

JV=  OR. 

The  lost  power  must  also  be  equal  to  the  difference 
between  the  power  supplied  and  the  power  delivered,  or 

=  E^C-E,C 


E^  —  E^  rcprtstnts  the  loss  of  prtssure,  or  the  drop,  and 
s  at  once  seen  that  the  greater  the  drop,  the  greater  the 
loss  in  power.  For  example,  a  5-percent,  drop  in  voltage 
is  equivalent  to  a  5-per-cent.  loss  of  power  in  the  line. 


In  order  to  transmit  power,  we  must  be  willing, 
I  then,  to  put  up  with  a  certain  amount  of  loss,  or,  what  is 
lequivalent,  with  a  certain  amount  of  drop  in  the  line.  The 
I  amount  of  drop  can  he  made  anything  we  please,  depending 
fon  the  amount  of  copper  we  are  willing  to  put  into  the  line. 
KThe  percentage  of  drop  allowed  is  seldom  lower  than  5  per 
Ecent.  and  not  often  over  15  per  cent. ;  10  per  cent,  is  a  fair 
ftaverage.  In  cases  where  the  distribution  is  local,  as,  for 
lexample,  in  house  wiring,  the  allowable  drop  from  the  point 
■  where  the  current  enters  to  the  farthest  point  on  the  system 
■may  be  as  low  as  1  or  2  per  cent.  If  the  drop  is  excessive, 
■.the  pressure  at  the  end  of  the  line  is  apt  to  fluctuate  greatly 
{with  changes  of  load  and  thus  render  the  service  bad.  In 
1  few  special  cases  there  may  he  conditions  that  warrant  the 
an  excessive  drop,  but  in  general  the  above  values 
c  the  ones  commonly  met  with. 

40.  When  the  loss,  or  drop,  in  a  circuit  is  given  as  a 
>erceniage,  this  percentage  may  refer  to  the  power  or  voit- 
Lgc  at  the  station  end  of   the  line,  or  the  receiving   end. 

r  example,  suppose  we  take  the  case  where  the  percentage 
>ss  refers  to  the  power  at  the  station  end,  and  let 

f,  =  voltage  at  dynamo; 
£,  =  voltage  at  end  of  line; 

•f,  =  percentage  loss  (expressed   as  a   numher,   not   as  a 
decimal); 

(  =  actual  number  .'f  v.ills  drop  in  the  line. 


Then, 


'  liio  -  ^" 
10'>  E, 


(5.) 


(6.) 


3 
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Example.— The  voltage  at  the  end  of  alighting  circuit  is  to  be  110 
and  the  allowable  drop  is  to  be  3  per  cent,  of  the  dynamo  voltage. 
{a)  What  will  be  the  dynamo  voltage  ?  {d)  What  will  be  the  actual  drop 
in  volts  in  the  circuit  ? 

Solution.—    (a)  We  have  Ei  =  -zrjrzr — ^  =113.4.     Ans. 

lUU  —  o 

id)    The  drop  ^  =  i5?j>ll^ --110==  3.4  volts.    Ans. 

41.  It  is  frequently  more  convenient  to  express  the  loss 
as  a  percentage  of  the  power  delivered  at  the  end  of  the  line. 
For  example,  if  the  voltage  at  the  end  of  the  line  were  110, 
and  the  loss  were  to  be  an  amount  equivalent  to  3  per  cent, 
of  the  power  deiwered^  instead  of  3  per  cent,  of  the  poiver 
generated^  it  would  mean  that  the  allowable  drop  was  3  per 
cent,  of  110,  or  3.3  volts,  instead  of  3.4  volts.  Railway 
generators  are  commonly  spoken  of  as  being  adjusted  for 
10  percent,  loss  when  they  are  so  wound  as  to  generate 
500  volts  at  no  load  and  550  volts  at  full  load;  i.  e.,  50  volts, 
or  10  per  cent.,  of  500,  is  allowed  as  drop  in  the  line,  500 
being  the  voltage  at  the  end  of  the  line.  In  expressing  the 
loss  as  a  percentage,  then,  it  should  be  distinctly  understood 
as  to  whether  this  percentage  refers  to  the  power  generated 
or  the  power  delivered^  otherwise  there  is  liable  to  be  con- 
fusion. The  best  way  is  to  express  the  drop  directly  in 
volts  and  then  there  can  be  no  doubt  as  to  what  is  meant. 
In  what  follows,  we  will,  when  expressing  the  loss  as  a  per- 
centage, refer  to  the  power  delivered  unless  it  is  otherwise 
specified,  as  this  method  is  now  very  generally  followed. 


IjIXK  CAIX  I  lattoxs. 

4!2.     Calculations  for  Two- Wire  SystcMii. — We  are  now 

in  a  position  to  look  into  the  method  of  determining  the  size 
of  wire  necessary  for  a  given  case.  We  will  first  consider 
the  simple  transmission  system,  shown  in  Fig.  11.  The 
problem  of  determining  the  size  of  a  line  wire  usually  comes 
up  about  as  follows:  (riven  a  certain  amount  of  power  to  be 
transmitted  over  a  given  distance  with  a  given  amount  of 
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is;  also,  given  the  required  lurminal  voltage;  dfterinine 
hs  size  of  line  wire  required.  The  whole  problem  of  deter- 
lining  the  size  of  line  wire  simply  amounts  to  estimating 

e  size  of  wire  to  give  such  a  resistance  that  the  drop  will 
lot  exceed  the  specified  amoimt.  All  the  formulas  for  this 
burpose  are  based  on  Ohm's  law,  and  are  simply  this  law 
jkranged  in  a  little  more  convenient  form  to  use.  There 
live  been  a  large  number  of  these  formulas  devised,  each 

r  its  own  special  line  of  work,  and  the  one  that  is  derived 
fplow  is  given  because  it  is  as  generally  applicable  as  any. 

I  43.    In  the  first  place,  if  we  arc  given  the  watts  or  horse- 

lowcr  to  be  delivered  and  are  also  given  the  voltage  at  the 

of  the  line,   we  can   at   once   determine  tiie  current, 


C 


(V 


I  which    H',  is  the  power  delivered.     Furthermore,    the 
Irop  c  in  the  line  is  known  or  specified,  and  since 

.=  r/v',       (8.) 


R^ 


c 


me  resistance  R  of  the  line  is  easily  determined. 

Referring  to  Fig.  11,  we  see  that  the  total  length  L 
t  line  through  which  the  current  flows  is  twice  the  distance 
Pom  the  dynamo  to  the  end  of  the  line.  It  has  already  been 
wwn  that  the  resistance  of  a  wire  is  directly  proportional 
»  its  length  and  inversely  proportional  to  the  area  of  its 
s-section,  and  we  may  then  say  that 


K^- 


A 


ften  /f  is  a  constant  that  depends  on  the  units  used  for 
ing  the  length  L  and  the  area  of  cross-section  A.     In 

Wctice,  it  is  generally  most  convenient  to  have  the  length  L 
cd  in  feet  and  the  area  in  circular  mils.     When  these 

nJtsare  used,  the  quantity  A' Is  the  resistance  of  1  mil-foot 


i 
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of  wire;  i.  e. ,  the  resistance  of  1  foot  of  wire  jj^  inch  in 
diameter.  If  the  area  of  cross-section  of  the  wire  were  only 
1  circular  mil,  it  is  evident  that  the  resistance  of  Z  feet  of 
it  would  be  A'  X  /,,  and  if  the  area  of  the  wire  were  ^  circular 

mils,  its  resistance  would  be  - — -j — -. 

The  resistance  of  1  mil-foot  of  copper  wire  such  as  is  used 
for  line  work  may  be  taken  as  10.8  ohms.  This  resistance 
will,  of  course,  vary  with  the  temperature  and  also  with  the 
quality  of  the  wire  used,  but  the  above  value  is  close  enough 
for  ordinary  line  calculations.  We  may  then  use  the  follow- 
ing formula  for  calculating  the  resistance  of  any  line; 

^=i5:5jl/-,  ,9.) 

where     Ji  —  resistance  in  ohms ; 

L  =  length  of  line  in  feet  (total  length,  both  ways) ; 
A  =  area  of  cross-section  in  circular  mils. 

45.  What  we  usually  wish  to  obtain  is  the  area  of  the 
wire  required  for  the  transmission,  not  the  resistance,  and 
by  combining  formulas  8  and  9,  this  can  be  readily  done. 

We  have  e=CR, 

.    .  „       10.8  X  L 

but  ^  =  —A — ; 


\ 


or  A  =  t^^ilSi-tLSiy,,  (lo.) 

Expressing  this  formula  in  words,  we  have  the  required 
area  of  cross-section  in  circular  mils 

_  10.8  X  length  of  line  in  feet  x  current  in  amperes 
~  drop  in  volts 

This  rule   for   determining  the  size  of  wire  for  a  given 
transmission  may  be  written  as  follows: 
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nn\e.—  Tai;-  t/ic confiitiu-ii product  of  lO.S.  tin-  lolal  length 
f  the  line  in  fret,  and  the  current  in  amperes  ;  divide  by  the 
Jrop  in  I'olts,  and  the  result  will  be  the  area  of  cross-section 
t  circular  mils. 

46.  It  will  be  noticed  that  the  size  of  wire  has  been 

■  determined  by  making  it  of  such  size  that  the  drop  will  not 

■  exceed  the  allowable  amount.  In  other  words,  the  dropi  has 
I  been  made  the  determining  factor  and  no  attention  has  been 
I  paid  to  the  current-carrying  capacity  of  the   wire.     If  the 

■  distance  were  very  short  and  the  drop  allowed  were  large, 
I  the  size  of  wire  as  given  by  the  formula  might  be  such  that 
r  It  would  not  carry  the  current  without  greatly  overheating. 

This  is  an  important  consideration  where  wires  are  run 
indoors,  because  the  distances  are  then  short  and  the  rise  in 
temperature  of  the  wire  needs  to  be  carefully  considered, 
,  owing  to  the  fire  risk.  This  point  will  be  taken  up  in  con- 
I  ncction  with  interior  wiring.  For  line  work  such  as  we  are 
I  now  considering,  the  distances  are  usually  so  large  that  the 
^fiizc  of  wire  as  determined  by  the  allowable  drop  is  nearly 
P^lways  much  larger  than  would  !«  called  for  simply  to  carry 
Tthe  current  without  becoming  hot  enough  to  do  damage. 

47.  The  formula  given  above  is  also  often  written  in  the 
form 


I  where  D  is  the  distance  {one  way)  from  the  station  to  the 
Lcenter  where  the  power  is  delivered  Evidently.  D  is  only 
|<one-half  the  length  of  line  through  which  the  current  flows, 
Rl,  e. ,  L  =  'iD:  hence,  we  double  the  constant  10.8  and 
liiise  31.6  in  the  formula. 

48.     Formulas   lO  and   11    may  be  applied  to  a  large 

number  of  cases  if  care  is  taken  to  see  that  the  proper  values 

are  substituted  in  them.     The  length  L  or  distance  D  must 

always  be  expressed  in  feet.     The  use  of  the  formula  will  be 

^lustrated  in  connection  with  the  following  examples: 


I 
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ExAMPLB  1  —In  Fig.  11  the  pressure  at  the  receiving  end  of  the 
line  is  to  be  nlKl  volts,  and  40  kilowatts  are  tn  be  transmitted  with  a 
drop  of  50  volts.  The  distance  from  the  station  lo  Ihe  end  ot  the  line 
is  8  miles.  Calculate  the  cross-section  of  wire  necessary  and  give  the 
nearest  swe  B.  &  S.  that  will  answer. 

Solution.—  40  kilowatts  =  40,000  watts;  hence,  current  = -^rr^ 
=  80  amiieres.  The  distance  from  the  station  to  the  end  of  the  line  is 
8  miles,  but  the  current  has  to  flow  to  the  end  and  back  again,  s<>  that 
the  length  of  line  /.  through  which  the  current  flows  is  8  miles,  or 
81,880  feet.     Applying  formula  10,  we  then  have 

.      10.9X31.680X80 


=  547,430  circular  mils,  nearly.     Ans. 

This  is  considerably  larger  than  any  of  the  B.  Hi  S.  sizes,  ao  t 
stranded  cable  would  be  used. 

Example:  3.— It  is  desired  to  transmit  20  horsepower  over 
)  mile  long  with  a  drop  of  10  per  cent,  of  the  voltage  at  the  reci 
end.  The  voltage  at  the  end  of  the  line  is  to  be  110.  Find  the  $ 
wire  required, 

Solution.—    80  horuipower  =  20  X  T46  watts,  and,  hence,' 

Current  =  — i"|7T-"  =  1*>.8  amperes. 

The  drop  is  to  be  10  per  cent,  of  the  voltage  at  the  receivin( 

„  110  X  10      , 

Drop.  =  -j^^—=  II  volts. 

The  length  Z  is  1  mile,  since  the  distance  from  the  station  to  tl 
is  I  mile,  and  applying  formula  lO,  we  have 


<  135-8 


Toa.fiSO  ci 


I 


This  also  would  call  for  a  large  cable. 

Example  8.— Fig.  13  shows  a  simple  transmission  system  as  used  in 
conn^tion  with  a  street  railway.  The  feeder  ai:  runs  out  from  the 
station  and  taps  into  the  trolley  wire  .ry  at  the  point  c.  The  pressure 
between  the  trolley  and  track  at  the  point  c  is  to  l>e  500  vi)lts,  and 
the  loss  r'n  Ihc  feeder  is  to  be  10  ])er  cent,  of  the  voltage  at  the  car  when 
a  current  of  60  amperes  is  being  supplied.  The  current  returns  through 
the  track,  and  we  will  suppose  in  this  case  that  the  resistance  of  the 
return  circuit  is  negligible.    Required  the  cross-section  of  the  feeder  a  c. 
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■  zerii;  hi'Tice.  the  lenglii  /.  used  in  [he  formula  will  be  J  mile, 
3.900  feet,  and  not  twice  this  distance,  as  in  the  previous  examples. 
c  drop  in  voltage  will  be 


current  is  60  am[>eres,  we  have 
_  10.8  X  :l.WHl  X  ffll      „  .,„.,    -       , 


Referring  to  the  i 


<  nearly  a  No.  1 


49,  In  making  line  calculations,  it  seldom  happens  that 
e  calculated  value  will  agree  exactly  with  any  of  the  sizes 
feivcn  in  the  wire  table.  It  is  usual  in  such  cases  tn  take 
ue  next  larger  size,  unless  the  smaller  size  should  be  cnn- 
iderably  nearer  the  calculated  value.  Generally,  the  luad 
>erftted  on  a  line  always  tends  to  increase,  because  business 
icrcases,  and  it  is  better  to  have  the  line  a  little  large, 
STcn  if  it  entails  a  slightly  greater  cost  when  the  line  is 
greeted. 

^  60,  Fornuila  10  may  also  be  used  for  delt-rmining  the 
cop  that  will  occur  on  a  given  line  with  a  given  current. 
it  this  case  the  furmula  is  written 


Volts  drop  =  ('  = 


(12.) 
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Example. — Power  is  transmitted  over  a  No.  8  B.  &  S.  line  for  a 
distance  of  4,000  feet.  What  will  be  the  drop  in  the  line  when  a  cur- 
rent of  30  amperes  is  flowing  ? 

Solution. — The  length  of  wire  through  which  the  current  flows 
is  2  X  4.006  =  8,000  feet.  The  cross-section  of  a  No.  3  B.  &  S.  wire  is 
52,634  circular  mils;  hence. 

Volts  drop  = ^ :—  =  49.2.    Ans. 


EXAMPLES  FOR  PIIACTTCE. 

1.  A  dynamo  delivers  current  to  a  motor  situated  850  yards  distant. 
The  current  taken  by  the  motor  at  full  load  is  30  amperes,  and  the 
pressure  at  the  motor  is  to  be  220  volts.  The  drop  in  the  line  is  to  be 
8  per  cent,  of  the  voltage  at  the  receiving  end.  Required  (a)  the  drop 
in  volts  ;  {d)  the  size  of  the  wire  in  circular  mils  and  also  the  nearest 
size  B.  &  S.     •  j  (^)    17.60  volts. 

•  ( (/;)    93,^6  cir.  mils..  No.  1  wire. 

2.  A  current  of  40  amperes  is  transmitted  from  a  station  to  a  point 
1  mile  distant  through  a  No.  OB.  &  S.  wire,  {a)  What  will  be  the 
drop  in  volts  in  the  wire  ?  {b)  How  many  watts  will  be  wasted  in  the 
wire  ?  ( {a)    43.2. 

^       i{b)    1,728. 


USK  OF  HIGH   PUE8SURE. 

i>l.  By  referring  to  the  first  two  examples  of  Art.  48, 
it  will  he  noticed  that  the  wire  called  for  is  very  large, 
although  the  amount  of  i)ower  transmitted  is  not  very  great 
nor  the  distances  long.  Suppose  we  have  a  fixed  number  of 
watts  ]\\  to  transmit  with  a  given  voltage  E^  at  the  end  of 
the  line;  then,  the  current  that  must  flow  through  the  line 

is    .f.     Also,  we  have  already  seen  in  Art.  37  that  the  loss 

in  the  line  is  C^  R\  i.  e.,  if  the  current  be  doubled  the  loss 
becomes  4  times  as  great.  If  we  can  double  the  E.  M.  F., 
we  will  be  able  to  transmit  the  same  amount  of  power  with 
one-half  the  current,  and,  hence,  with  one-quarter  the  loss. 
Or,  if  we  put  it  the  other  way,  and  suppose  that  our  loss  is 
to  be  a  fixed  amount,  we  can,  by  doubling  the  pressure  and 
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thereby  halving  the  current,  use  a  wire  of  4  times  the  resist- 
l^nce.      For  example,  suppose  we  have  to  transmit  30  kilo- 
Watts  at  a  terminal  pressure  of  500  volts  and  that  the  loss  in 
*e  line  is  to  be  limited  to  2  kilowatts.      The  current  would 
■be  C=  mi"  =  40  amperes,  and  C*R  =  2.000  watts,  or  40' A' 
1^=2.000;    hence,    R=  \%%s~  1-25   ohms.       Now,    suppose 
Pthat  we  use  a  terminal  pressure  of  1,000  volts  instead  of  500, 
and  transmit  the  same  amount  of   power  with  the  same 
number  of  watts  loss  as  before.     The  current  will  now  he 
C=  VuW  =  20  amperes,  and  C'K=  2,000  watts,  as  before. 
LWe  will  then  have  20'^  =  2,000;  R  =  V,"/  =  5  ohms. 

1  other  words,  for  the  same  amount  of  loss  ami  for  the 

e  amount  of  power  delivered,  the  allowable  resistance  of 

\ihe  line  is  tnade  four  times  as  great  by  doubling  the  fires- 

msure.     Since  the  kngth  is  supposed  to  lie  the  same  in  both 

:ase5,   this  means  that   doubling  the  pressure   makes   the 

EBtnount  of  copper  required  just  one-fourth  as  great.     If  the 

K|>rcssure  were  increased  threefold,   the  amount  of   copper 

Pxeciuired  would  be  one-ninth  as  great,  other  things  being 

Vkept  equal,  as  before.      This  may  be  stated  as  follows:  For 

e  same  amount  of  power  delix'ered  and  for  the  same  amount 

\  ef  loss,  the  amount  of  copper  required  for  transmission  over  a 

given  distance  varies  inversely  as  the  square  of  the  voltage. 

58.  Edison  Three- wire  System. — From  the  preceding 
it  will  at  once  bo  seen  that  an  increase  in  the  voltage 
results  in  a  large  decrease  in  the  amount  of  copper  required. 
Incandescent  lighting  was  first  carried  out  at  a  pressure  of 
110  volts,  but  this  pressure  rendered  the  use  of  large  con- 
ductors necessary,  and  systems  were,  therefore,  brought 
out  that  would  permit  the  use  of  a  higher  pressure.  In 
street-railway  work,  a  pressure  of  about  flOO  volts  soon 
became  the  standard,  because  this  appeared  to  be  the  limit 
to  which  the  voltage  could  be  pushed  for  this  class  of  work 
without  danger  to  life. 

The  Edison  three-wire  system  .-itlows  current  to  be  sup- 
plied at  110  vcjUs,  although  the  transmission  itself  is  really 
carried  out  at  220  volts,  and,  therefore,  results  in  a  large 


i 
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saving  in  copper  over  the  old  110-volt  system.  The  three- 
wire  system  is  shown  in  Fig.  13.  Two  com  pound -wound 
dynamos  A  and  B  are  connected  in  series  across  the  two 
lines  rfe  and  A  X:  Each  dynamo  generates  110  volts,  so  that 
the  pressure  between    the  two  outside  wires   is  220  volts. 


I 


because  the  two  machines  are  connected  in  series,  and  their 

pressures  will  be  added.  A  third  wire,  called  the  neutral 
n-irf,  is  connected  to  the  point  f  between  the  machines,  so 
that  between  the  lines  <ii-  and  fg  we  have  a  pressure  of 
110  volts,  and  between  /g  and  hk  a  pressure  of  110  volts 
also. 

53.     In  order  to  illustrate   the  action  of  such  a  system, 
we  will  suppose  that  we  have  six  3'.i-candlepower  lamps  on 
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me  side  and  four  on  the  other,  each  lamp  takinj^,  say, 
Kampere.  A  current  of  4  amperes  will  flow  from  the  posi- 
e  side  of  R  through  the  line  //  /■  and  through  the  lamps  to 

fce  neutral  wire.  At  the  same  time,  a  current  of  il  amperes 
^ill  tend  to  flow  out  from  the  positive  pole  of  A  over  the 
Hne  fg  through  the  left-hand  set  of  lamps  and  back  through 
Vrf,  as  shown  hy  the  arrows.  In  the  neutral  wire  we  have  a 
kurrent  of  C  amperes  tending  to  flow  in  one  direction  and  a 

orient  of  4  amperes  tending  to  flow  in  the  other  direc- 
tion, the  result  being  that  the  actual  current  is  the  differ- 
ence between  the  two,  or  2  amperes,  as  shown  by  the  full 
arrow;  or.  hmking  at  it  in  another  way,  we  have  4  amperes 
flowing  directly  across  from //^'  to  de  and  2  amperes  flow- 
"bg  from  /(  through  the  neutral  wire  fg  and  back  through 
■j/to  j4,  thus  making  (1  amperes  in  the  line  fd.     If  the  ciir- 

Rtits  taken  by  the   two   sides  were   exactly    balanced,   no 

larrcnt  would  flow  in  the  neutral  wire  and  we  would  have 

Lirhat  is  practically  a  2'20-volt  two-wire  transmission.      In 

BBOy  case,  the  current  in  the  neutral  wire  is  the  difference 

rtween  the  currents  in  the  two  sides,  and  its  direction  will 

lepend  on  which  side  is  the  more  heavily  loaded. 


B4,  A  three-wire  system  should  always  be  installed  so 
that  the  load  on  the  two  sides  will  be  as  nearly  balanced  as 
possible.  The  simplest  way  to  estimate  the  size  of  the  con- 
ductors is  to  first  calculate  the  size  of  the  outside, wires, 
treating  it  as  if  it  were  a  22fl-volt  two-wire  system.  When 
motors  are  operated  on  the  three-wire  system,  they  are  usually 
wound  for  22(t  volts  and  connected  across  the  outside  lines. 
The  following  example  will  illustrate  the  method  of  calcu- 
lating the  wires  for  a  three-wire  transmission: 

BXAMFLR,— Two  dynamos  deliver  power  over  a  distance  of  1  mile 
to  Mxty  SS-candkiKiwer  Um|>s.  thirty  lamps  nn  each  side  of  the  circuit, 
as  shown  In  Fig.  H.  A  motor  thai  requires  a  current  of  40  amperes  is 
also  connected  across  the  outside  wires.  Each  lamp  requires  a  current 
of  I  ampere,  anil  the  pressure  at  the  lamps  is  to  be  1111  volts.  Calculate 
thti  size  of  wire  required  tor  tlio  two  outside  conductors  if  the  drop  in 
pressure  is  not  lo  exceed  10  per  cent,  of  the  voltage  at  the  end  where 
the  power  is  delivcrtd. 


J 
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'he  first  thing  ti>  dttemiinu  is  the  current.  Thirty 
:cte(l  on  each  side  and  these  Unips  are  connected  in 
aking  1  ampere.  The  current,  therefore,  in  the  out- 
Lo  the  lamps  is  30  amperes.     The  motor  is  connected 


s  the  outside  lines;  hence.  Ih 
and  the  total  current  in  the  outside  liues  is  70  jim|M--rcs. 
ire  across  the  outside  wires  must  be  33(1  volts  at  the  end  of 
I.-  line,  Dccause  the  pressure  at  the  lamps  is  tu  txi  110.     The  Urup  in 
outside  wires  is,  therefore. 


330  X  -10  = 
The  length  of  the  outside  wires 


!S  volts. 


ing  formula  10,  i 

Circular  n 


10.8  X  w.rm  X 


This' 


lukl  require  a  stranded  cahle. 


55.     The  neutral  wire  is  often  made  one-half  the  cross- 

sectiun  of  the  outside  wires,  though  practice  differs  in  this 
respect.  It  is  seldom,  however,  made  less  than  one-half, 
and  in  a  number  of  cases  it  is  made  equal  in  cross -sect  ion. 
Of  course,  if  the  load  could  be  kept  very  nearly  balanced  at 
all  times,  a  small  neutral  wire  would  be  sufficient,  but  it  is 
impossible  to  keep  the  load  balanced,  and,  hence.  It  is  usual 
to  put  in  a  neutral  of  at  least  one-half  the  cross-section  of 
the  outside  wires.  In  the  above  example,  a  No.  000  wire 
would  probably  be  large  enough  for  the  neutral  wire.  For 
distributing  mains,  when  there  is  much  liability  to  unbalan- 
cing, the  neutral  is  made  equal  in  size  to  the  outside  wires. 
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cases,  three-wire  systems  are  arranged  so  that  thty 
be  changed  to  a  two-wire  system  by  connecting  the  two 
iside  wires  together  to  form  one  side  of  the  circuit,  the 
tutral  wire  constituting  the  other  side.  If  this  is  done,  the 
■uiral  would  have  to  carry  double  the  current  in  the  outside 
and  would  be  made  twice  as  large  as  the  outside  wires. 

56.  Since  the  outside  wires  are  only  ^  the  size  required 
for  the  same  power  delivered  by  means  of  the  two-wire 
110-volt  system  with  the  same  percentage  of  loss,  it  follows 
ihat,  even  if  the  neutral  wire  be  made  as  large  as  the  out- 

ide  wires,  the  total  amount  of  copper  required  is  only 
-f  i,  or  J  of  that  required  for  the  two-wire  110-volt  system. 
'he  amount  of  copper  in  the  neutral  wire  is  only  1  that 
which  would  be  required  for  the  two-wire  system,  because  it 
is  only  J  the  cross-section  and  its  total  length  is  only  ^  that 
required  for  the  two-wire  system, 

57.  From  the  preceding  it  will  be  seen  that  the  three-wire 
'Stem  of  distribution  effects  a  considerable  saving  in  copper, 

owing  to  the  use  of  a  higher  pressure.     Three-wire  systems 

operating  2a0-volt  lamps  with  440  volts  across  the  outside 

wires  have  been  introduced  with  considerable  success,  thus 

making  a  still  further  reduction  in  copper.     The  tendency 

naturally  been  to  use  as  high  pressures  as  possible,  but 

lere  are  grave  difficulties  in  the  way  of  transmitting  cur- 

it  at  high  pressure   by  means  of  direct  current.     These 

iculties  may  be  classed  under  the  heads  {a)  difficulty  of 

inerating  direct  currentat  high  E.  M.  K. ;  and  {d)  difficulty 

utilizing  direct  current  at  high  pressure  after  it  has  been 

;nerated. 

08.  Machines  for  the  generation  of  direct  current  must 
provided  with  a  commutator,  and  this  part  of  a  well- 
designed  machine  gives  comparatively  little  trouble  if  the 
pressure  generated  does  not  exceed  700  or  SOU  volts.  If  the 
pressure  ts  increased  beyond  this  amount,  it  becomes  a  dif- 
ficult matter  to  make  a  machine  that  will  operate  without 
sparking.  Moreover,  in  direct-current  dynamos,  the  arma- 
winding    has    to    be    divided    into    a   large  number  of 
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sections  or  coils,  and  the  numerous  crossings  of  these  coils 
make  it  exceedingly  difficult  to  insulate  such  armatures  for 
high  pressures. 

59.  Even  if  it  were  possible  to  generate  high-pressure 
direct  current,  it  would  be  difficult  to  utilize  it  at  the  other 
end  on  account  of  the  danger  to  life..  About  500  volts  is  as 
high  as  it  has  been  found  safe  to  operate  street  railways, 
the  consideration  of  safety  setting  this  limit  on  the  pressure 
used.  Moreover,  it  is  just  as  difficult  to  build  motors  for 
high-pressure  direct  current  as  it  is  dynamos,  and  for  most 
purposes  the  high-pressure  current  would  have  to  be  reduced 
to  low  pressure  before  it  could  be  utilized  with  safety  at  the 
distant  end  of  the  line.  This  transformation  could  be  effected 
by  using  a  high-voltage  motor  to  drive  a  low-voltage  dynamo. 
In  some  cases,  these  two  machines  might  be  combined  into 
one  having  an  armature  provided  with  two  windings  and  two 
commutators,  this  armature  being  arranged  so  as  to  revolve 
in  a  common  field  magnet.  The  high-tension  current  from 
the  line  is  here  led  into  one  winding  through  one  commutator 
and  drives  the  machine  as  a  motor.  The  second  set  of 
windings  connected  to  the  other  commutator  cuts  across  the 
field  and  sets  up  the  secondary  K.  M.  P.,  thus  applying  cur- 
rent to  the  low-pressure  lines.  A  machine  of  this  kind  is 
known  as  a  dyna motor.  It  is  thus  seen  that  the  trans- 
formation of  direct  current  from  hij^h  pressure  to  low 
pressure  involves  the  use  of  what  is  essentially  a  high-pressure 
direct-current  motor — a  pivA'c  of  machinery  that  is  liable  to 
give  more  or  less  trouble  for  the  reasons  already  given. 


rowj:H  TitAXs^rissiox  ]jy  altein 

XATINC^   C  UIMJENT. 

(>().  The  difficulties  connected  with  the  generation  and 
utilization  of  high-tension  direct  current  led  engineers  to 
adopt  alternating  current  for  places  where  the  power  had  to 
be  transmitted  over  considerable  distances.  At  first,  alter- 
nating current  was  used  for  lighting  work  only,  because  the 
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e-phase  alternators  first  iiuroduced  were  not  capable  of 
sadily  operating  motors,  although  they  were  quite  satisfac- 
■  for  the   operation  of   incandescent   lamps.     With  the 
roduction  of  multiphase  alternators  along  with  the  indue- 
I  motor,  the  use  of  alternating  current  for  power  pur- 
ees became  very  common,  and  plants  using  line  pressures 
i  high  as  40,000  volts,  or  even  higher,  are  now  in  use. 

CI,     The  alternating  current   is   well  adapted  for  high- 
^essure  work,  because  nut  only  can  it  easily  be  generated. 
rut  what  is  even  of  greater  importance,  it  can  be  readily 
rnnsformed    from  oiie    pressure    to    another    by    means   of 
ransformers.     The  winding  of   an  alternator  armature  is 
y  simple,  no  commutator  is  necessary,  and  the  problem 
generating    high    pressures    becomes   a   comparatively 
uple  one.      Alternators   with    stationary    armatures    have 
isfully  built  for  pressures  as  high  as  10,000  or 
E,000  volts.     In  some  cases,  the  current  is  generated  at  a 
wmparatively   low   pressure  and   raised  by  step-up  trans- 
■  formers  for  transmission  over  the  line.     At  the  distant  end 
it  is  easily  lowered,  by  means  of  step-down  transformers,  to 
"  any  pressure  required  for  the  work  to  which  it  is  to  be  put. 

^^K!6S.     The  simplest  scheme  for  alternating-current  power 
^^^bans mission  is  that  which  uses  a  single-phase  dynamo,  i.  e., 
^^^B  machine  that  generates  a  single  alternating  current.      In 
^^B'ig.   15,  A  represents   a  simple   alternator   that  generates 
^^Ktirrent  at  high  pressure.     This  current  is  transmitted  over 
Ihc  line  to  the  distant  end,  where  it  is  sent  through   the 
primary  of  transformer  B,  which  lowers  the  pressure  to  an 
amount  suitable  for  distribution  to  the  lamps  /.     The  syn- 
chronous motor  vl/ is  operated  directly  from  the  line,  because 
it  can  be  wound  for  a  high  voltage.     If,  however,  this  high 
pressure  aliout  the  motor  should  for  any  reason  be  objcction- 
,  step-down    transformers  could    be  used.      As  already 
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mentioned,   such   systems  are    installed   fur  lighting   work 
llmost    exclusivi;Iy,    because    the    single-phase    alternating 
;urrent  is  not  .well   adapted   for  the  operation  of   motors. 
At  first  a  pressure  of  1,100  volts  at  the  alternator,  or  about 
1,000  at  the  end  of  the  line,  was  commonly   used.     Later, 
^cssures  of  "2,200  and  2,000  volts  became  the  ordinary  prac- 
Kke.     In  cases  where  the  distance  was  very  long,  step-up 
transformers  were    used,   as  shown  in   Fig.    Ifi.      Here    ihe 
Current  from  the  alternator,-}  is  first  sent  into  the  primary 
the   transformer    T.    which   raises   the   voltage   to   any 
required   amount,  with,  of  course,  a  corresponding  reduc- 
ion  in  current.     The  alternator  might,  for  example,  gener- 
ate a  pressure  of  1,000  volts  and  this  pressure  l>e  raised  to 
2,000  for  transmission  over  the  line.     At  the  other  end,  the 
■ansformer  T'  steps  down  the  high  line  pressure  to  what- 
fever  pressure  is  suitable  for   the   local  distribution.      The 
single-phase  alternating-current  system  is  in  many  respects 
similar  to  the  two-wire  direct-current  system,  the  principal 
distinguishing  feature  being  the  use  of  transformers. 


The  single-phase  system  has  been  used  in  the  past  to 

I  limited  extent  for  the  operation  of  synchronous  motors. 

e  ordinary  single-phase  synchronous  motor,  i.  e.,  a  motor 

Sonstructed  in  the  same  way  as  an  alternator,  will  not  start 

p  even  if  it  is  not  loaded  ;  it  has  to  be  brought  up  to  speed 

rom  some  outside  source ;  this  is  a  great  drawback  to  its  use, 

1  th«  single-phase  system  is  now  seldom,  if  ever,  installed 

here  power  is  to  be  transmitted  for  the  operation  of  alterna- 

ling-current  motors  of  large  size.     The  motor  M  shown  in 

fig.  16  is  the  same  in  construction  as  an  alternator,  but  it 

ivould   have   to   be   provided   with   some   arrangement    for 

ringing  it  up  to  speed.     This  could  be  done  by  means  of  a 

mall  single-phase  induction  motor  or  by  using  the  exciter 

f  the  synchronous  motor,  running  it  as  a  motor  from  stor- 

Ige  batteries.     This  difficulty  of  getting  single-phase  syn- 

lirooous  motors  started  has  kept  Ihcm  from  being  used  to 

|ny  great  extent,  and  even  in  those  places  where  ihey  were 

:d,  they  are  being  replaced  by  multiphase  synchronous 
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moturs,   which  will  run  up   to  speed  of  their  own   accord 
when  not  li>aded. 

If  the  amount  of  power  required  is  not  large,  say  under 
II)  horsepower,  special  self-starting  single-phase  synchronous 
motors  may  be  used.  Induction  motors  are  also  made  to 
operate  on  single-phase  circuits  by  using  special  starting 
devices,  but  in  general  it  may  he  stated  that  the  single-phase 
system  is  not  well  adapted  for  motor  operation,  at  least  not 
in  those  cases  where  large  motors  arc  required. 


64.    A  two-phase  altcrnatiir  delivers  two  currents  differ- 
ing in  phase  by  WO",  so  that  when  the  current  in  one  phase 
is  at  its  maximum  value,  the  current  in  the  other  phase  is  at 
rero.     The  great  advantage  of  the  two-phase  system  over 
the  single-phase  is  that  it  allows  the  operation  of  rotary- 
field  induction  motors  and  two-phase  synchronous  motors. 
Two-phase  induction  motors  will  start  up  under  full  load. 
i  The  synchronous  motors  will  not  start  up  under  load,  but 
'  tliey  will  run  up  to  synchronous  speed  if  they  are  not  loaded, 
and  the  load  can  l»e  thrown  on  afterwards,  thus  avoiding 
the  necessity  of  any  outside  means  of  bringing  the  machines 
up  to  synchronism.     Lights  may,  of  course,  be  operated  on 
the  two-phase  system  equally  as  well  as  on  the  single-phase. 
fiS.     Fig.  17  shows  a  two-phase  system.     In  this  case,  we 
L'bave  taken  the  simplest  arrangement,  where  the  alternator 
R  feeds  directly  into  the  line  without  the  use  of  step-up  trans- 
liormers.     If,  however,   the  distance  is  very  long,  a  pair  of 
Itep-up  transformers  could  be  connected  at  each  end.  one  in 
vcach  phase,  in  a  manner  similar  to  that  shown  in  Pig.  l(i. 
iWc  have  taken  the  line  pressure  at  *i,ilOO  volts  for  the  sake  of 
Illustration.    A  is  the  alternator  supplying  the  two  currents 
differing  in  phase  by  9')°  to  the  four  line  wires.     The  only 
ilerence  between  this  alternator  and  a  single-phase  machine 
iesinits  armature  winding  and  the  addition  of  two  more 
ollector  rings.     />',  A'are  two  transformers  supplying  lights. 
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One  IS  xd  on  Phase  No.   /  and  the  other  on  Phase 

No.  2.  so  as  .  to  unbalance  the  load  on  the  alternator. 
C,  C"are  two  large  iransformers  supplying  alternating  cur- 
rent at  389  volts  to  the  rotary  transformer  D,  which 
changes  it  to  direct  current  at  550  volts  suitable  for  opera- 
ting the  street-railway  system  £. 

The  alternating-current  voltage  of  a  two-phase  rotary  is 
707  times  the  direct-current  voltage.     If,  then,  a  voltage  for 
erating  the  street  railway  is  to  be  550  volts,  the  trans- 
■mers  must  supply  650  X  .707  —  389  volts,  nearly,  to  the 
Iternating-current  side  of  the  rotary.     F,  F  are  two  trans- 
lormers   supplying   a   two-phase   induction   motor   G.      As 
stated  above,  this  type  of  motor  is  capable  of  starting  up 
under  full  load,  and,  generally  speaking,  may  be  used  for  all 
ds  of  stationary  work  for  which  the  ordinary  direct-cur- 
iX  motor  is  adapted.      //  shows  a  two-phase  synchronous 
otor.     This  is  the  same  in  construction  as  the  generator  A, 
nd  it  is  not  necessary  to  use  transformers  with  it,  as  it  can 
jc  constructed    for   the    same   voltage    as   the   generator, 
ynchronous  two-phase  motors  are  well  adapted  for  places 
here  power  is  required  in  fairly  large  units  and  where  the 
motor  does  not  have  to  be  started  and  stopped  frequently. 
They  do  not,  if  properly  handled,  set  up  lagging  currents; 
i.  e.,  currents  that  lag  behind  the  E.  M.  F.,  and,  hence,  are 
out  of  phase  with  the  E.  M.  F,     The  nature  and  disadvan- 
tages of  these  lagging  currents  will  be  explained  more  fully 
in  connection  with  the  calculation  of  lines  for  alternating 
current.     If  synchronous  motors  and  induction  motors  are 
operated  on  the  same  system  as  shown  in  Fig.  17,  the  lag- 
ging current  set  up  by  the  induction  motor  may  be  neutral- 
ized  by   the    synchronous    motor   by   increasing  the   field 
excitation  of  the  latter  to  the  proper  amount.     The  ordinary 
method  of  connecting  up  transformers  on  a  two-phase  circuit 
is  that  shown  in  Fig.    17,      Other   methods  are  sometimes 
used,   but  these  will  be  taken  up   later  when  transformer 
connections  are  discussed.      In  some  cases,  three  line  wires 
only  are  used,  but  otherwise  the  connections  are  the  same 
as  shown  in  Fig.  17. 
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66.  In  the  three-phase  system,  three  currents  differing 
t-in  phase  by  I'iO",  or  one-third  a  complete  cycle,  are  employed. 
f  If  the  load  on  all  three  phases  is  kept  nearly  balanced,  as  it 
IliRually  is  in  practice,  only  three  wires  are  needed.  For  the 
c  amount  of  power,  line  loss,  and  distance  of  transtnis- 
Ision,  the  three-phase  system  requires  only  three-fourths  the 
mount  of  copper  called  for  by  the  single-phase  or  two- 
;  system.  For  this  reason,  it  is  often  used  for  the 
transmission  itself,  even  if  the  power  is  generated  hy  means 
two-phase  alternators.  By  a  siJccial  arrangement  of 
ansformcrs,  which  wilt  be  described  later,  two  currents 
lifFering  in  phase  by  90°  can  be  transformed  into  three  dif- 
pfering  in  phase  by  120°.  Fig.  18  is  similar  to  Fig.  17, 
K«xcept  that  it  is  arranged  for  a  three-phase  transmission. 
Lights,  rotary  transformers,  induction  motors,  and  syn- 
chronous motors  may  be  operated  as  previously  described, 
and  all  the  advantages  that  have  been  noted  with  reference 
^^^  to  two-phase  motors  apply  equally  to  three-phase  motors, 
^^KThere  is  little  choice  between  the  two-phase  systems  so  far 
^^^ns  actual  operation  is  concerned,  the  chief  point  in  favor  of 
^^Ktbe  three-phase  system  being  the  saving  in  line  wire, 

^^H      67.     Subetatloiitii. — In  many  large  transmission  systems, 
^^vlt  is  customary  to  generate  the  power  in  one  targe  central 
^^K«tation  and  distribute  it  at  high  pressure  to  a  number  of 
^^^f^uislalio/ts  located  at  the  various  distributing  centers.     At 
^^Pfhese  substations  the  current  is  transformed  down  and  passed 
through  rotary  transformers,  if  direct  current  is  necessary, 
and  distributed  to  the  various  devices  to  be  operated.     This 
is  commonly  done   in    connection   with  both    lighting    and 
street-railway  work.     If  alternating  current  alone  is  used, 
the  voltage  is  merely  stepped  down  by  means  of  large  trans- 
former.    Perhaps  one  of  the  best  examples  of  three-phase 
'anBiuission  is  that  of  the  Metropolitan  Street  Railway  Com- 
ly,  of  New  York.     Most  of  the  surface  cars  in  New  York 
ity  arc  "jpcralcd  by  direct  current,  at  500  to  COO  volts,  sup- 
ied  to  the  cars  by  means  of  conductors  placed  in  a  conduit 
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jlween  the  rails.     Power  is  generated  at  one  large  central 
1  Station  located  nn  the  river  front,  where  coal  and  water  are 
■easily  supplied.      Ljirge  3,A0()-kitiiwatt  three-phase  gener- 
1  ators  arc  located  in  this  station.     They  are  of  the  revolving- 
I  field  type  and  are  driven  directly  by  large,  vertical  Corliss 
I  engines.     These  machines  generate  current  at  a  pressure  of 
[  fl,(illO  volts,  so  that  no  step-up  transformers  are  used.     The 
[current  is  led  from  the  main  station  by  means  of  lead-covered 
underground  cables  to  a  number  of  substations  located  in 
F  different  parts  of  the  city.     The-^e  substations  contain  the 
^tcp-down  transformers  and  rotary  transformers  that  are 
■  necessary  to  convert  the  three-phase  current  into  a  direct 
Tirrent   of  500  volts  suitable  for  operating  the  street  cars. 
Each  of  the  rotary  transformers  is  of  900  kilowatts  capacity, 
and   before   sending  the  current  into  rotaries,   it    is  trans- 
formed  to  six  phases,  as  the  increased  number  of    phases 
[  makes  the  output  of  the  rotary  for  a  given  size  of  machine 
[  greater.      Otherwise,  the  arrangement   in  the  substations  is 
[very  much  the  same  in  principle  as  that  shown  at  C  and  D, 
I  Pig.  Ifi.     In  addition  to  the  rotaries  and  transformers,  such 
f^Substations   are   usually  provided   with  two  switchboards, 
one  for  the  high-tension  side  and  the  other  for  the  low- 
tension  side,  from  which  the  power  is  distributed.     When 
three-phase  rotaries  are  used,  they  must  be  supplied  with 
alternating  current  at  a  voltage  about  .013  times  that  of  the 
,  continuous  current  which  they  are  to  supply.     For  example, 
tin  Pig.  18,  if  the  rotary  D  supplies  550  volts  direct  cur- 
erent,  the  transformer  C  must  supply  current  at  550  X  .i>12 
'  volts,  nearly,  t"  the  atternating-currenl   side  of  the 
■otaries. 


(W.     KrcMiiiencles. — Where  motors  are  operated  by  alter- 

taating  current,    the   frequency   used    is  seldom    above    l!0, 

Although   frequencies  as  high  as  125  have  been  used  to  a 

t  extent.     A  frequency  of  fiO  is  very  largely  used  where 

li  lights  and  motors  are  operated.     Where  the  current  is 

lied  for  power  purposes  alone,  lower  frequencies  are  com 

;  for  examplf.  both  the  Niagara  plant  and  the  pl.m' 


nt  of  Jj 
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the  Metropolitan  Street  Railway  Company,  referred  to 
above,  use  a  frequency  of  25,  as  a  low  frequency  is  better 
adapted  for  the  operation  of  rotary  transformers  than  a 
high  frequency. 


TRAl^SFORMERS    AND    TRANSFORMED 

CONNECTIONS. 

69.  The  use  of  transformers  has  frequently  been  men- 
tioned in  connection  with  the  preceding  articles  and  their 
action  has  already  been  explained.  It  will  be  well,  how- 
ever, to  take  up  here  some  points  relating  more  particularly 
to  their  operation  and  connections. 

70.  Transformers  vary  somewhat  as  to  their  construc- 
tion, but  they  all  have  the  three  essential  parts,  i.  e.,  the 
primary  and  secondary  coils  or  groups  of  coils  and  the  iron 
core  that  serves  to  carry  the  magnetic  flux  through  the 
coils.  Their  construction  also  depends  to  some  extent  on 
whether  they  are  to  be  used  outdoors  or  indoors.  Fig.  19 
shows  a  typical  transformer  for  outdoor  use  mounted  on  a 
pole  in  the  usual  manner.  Where  transformers  are  large, 
say  above  25  or  30  kilowatts  capacity,  it  is  not  advisable  to 
mount  them  on  poles  if  it  is  possible  to  avoid  it.  For  this  rea- 
son, large  transformers  are  usually  of  the  indoor  type.  There 
is  no  need  of  providing  weather-proof  cases  for  such  trans- 
formers, and  their  construction  is  very  frequently  quite  open. 
Most  modern  transformers  for  outdoor  use  are  now  built  so 
that  the  case  may  be  filled  with  oil.  This  improves  the  insu- 
lation, keeps  out  moisture,  and  has  considerable  effect  on  the 
temperature  that  the  transformer  attains  while  in  operation. 
There  is  bound  to  be  a  certain  amount  of  loss  in  every  trans- 
former, owing  to  the  resistance  of  the  coils  and  the  resistance 
that  the  core  offers  to  the  changing  magnetism,  i.  e.,  owing 
to  the  hysteresis  loss.  These  losses  all  reappear  in  the  form 
of  heat,  and  this  heat  must  be  gotten  rid  of  by  radiation.  If 
there  is  an  air  space  between  the  coils  and  the  iron  case  of 
the  transformer,  the  heat  is  conducted  away  with  difficulty ; 
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I  but  if  the  case  is  filled  with  oil,  the  oil  circulates  more  or 
[less  and  serves  as  il  conducting  medium  for  carrying  the 
f  heat  from  the  coils  and  core  to  the  case,  where  it  is  radiated 
V  to  the  surrounding  air.  Very  often,  when  the  transformers 
I  are  large,  they  are  unable  to  get  rid  of  the  heat  by  radiation 
[  alone,  without  becoming  so  hot  that  there  is  danger  of  dama- 
[  giig  the  insulation,  and  it  is  necessary  to  provide  some  artl- 
I  ficial  means  for  conling  them.  This  is  usually  accomplished 
[cither  by   mounting    the   transformer   so  that  air   may  be 


SuifintsiBn  Hee*i 


iilated  through  it  by  means  of  fans  or  by  immersing  the 
\  transformer  in  oil,  which  is  kept  cool  by  water  circulating 
j  in  coiled  pipes.  As  stated  above,  these  precautions  are  only 
Ijnocessary  in  the  case  of  large  transformers,  such  as  those 
I'tised  in  substations.  Transformers  of  ordinary  size,  such  as 
;«re  placed  on  jxiles,  are  able  to  get  rid  of  the  heat  generated 
Vrithout  any  special  c<Kiling  devices,  because  the  area  exposed 
D  the  air  is  much  larger  in  proportion  to  the  output  in  the 
e  of  a  small  transformer  than  in  the  case  of  a  large  trans- 
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71.  Prlm«.r>'  Kusos. — Transformers  are  npcraieil  on 
conslant-poteiUial  circuits  almost  exclusively;  hence,  if  a 
short  circuit  occurs  on  either  primary  or  s;;condary,  there 
will  be  a  heavy  rush  of  current,  which  will  do  damage 
unless  the  transformer  is  instanlly  disconnected  from  the 
circuit.  This  is  accomplished  by  inserting  fuses  in  the  pri- 
mary between  the  transformer  and  the  line.  These  fuses 
arc  contained  in  the  fuse  boxes  h,  b.  Fig.  19.  They  also 
protect  the  transformer  against  overloads,  because,  if  the 
secondary  current  is  more  than  it  should  be,  the  primary 
current  will  also  exceed  the  allowable  amount  and  the  fuses 
will  blow.  Fuses  should  be  placed  in  each  side  of  the  pri- 
mary and  they  should  be  so  mounted  that  they  may  be 
easily  replaced  by  the  lineman.  In  order  to  accomplish 
this,  nearly  all  modern  primary  fuse  blocks  are  made  so 
that  the  fuse  holder  may  be  entirely  disconnected  from  the 
primary  mains  when  the  fuse  is  being  renewed.  In  other 
words,  the  fuse  block  is  made  to  serve  the  purpose  of  a 
switch  as  well  as  a  fuse  holder.  In  some  cases  these  primary 
fuse  blocks  are  double-pole,  but  when  the  primary  pres- 
sure is  high,  it  is  better  to  use  two  single-pole  fuse  blocks. 
Double-pole  blocks  are  not  recummended  for  transformers 


of  larger  capacity  than  2,500  watt^ 


Above  this  size  it  is 
better  to  use  a  single 
block  in  each  side. 

72.  Fig.  30  (ii)  shows 
a  General  Electric 
d  o  u  b  1  e  -  p  o  I  e  primary 
switch  and  fuse  block, 
with  one  fuse  holder  ((4) 
removed  for  replacing 
a  fuse.  The  fuse  lies 
in  a  deep  slot  e  in  the 
porcelain  holder  {{>), 
and  is  fastened  to  the 
clips  li.  (I.  When  the 
holder  is  in  place,  the 
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Jclijjs  </.  (/ fnjjaj^i:  with  the  terminals/,/,  thus  innifilflinn 
phc  conncctinn  to  the  transformer  primary.  WhtMi  a  fust- 
be  renewed,  the  porcelain  base  is  pulled  out  and  the 
llincman  can  replace  the  fuse  without  danger. 

7S,     Fig.  'Zl  shows  a  single-pole  bldck  made  by  the  Stan- 

■ley  Company.      In  this  case,  the  lid  of  the  iron  box  is  placed 

:at  the  bottom  and    the  fuse  holder   .-(    is  pulk-d  out,  thus 

|>reaking  connection  with  the  terminals/,/.     The  fuse  i' 


■uns  through  a  block  of  wood  //.  thus  confining  the  arc 
jind  preventing  it  from  arcing  and  burning  the  terminals  /,  /. 
(Pig.  21  (d)  shows  the  box  closed  and  in  the  position  in  which 
t  is  placed  on  the  pole.  In  the  General  Electric  single-pole 
yimary  cut-out,  the  wires  enter  at  the  bottom,  as  shown  in 
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Fig.  111.  Where  large  transformers  are  operated  in  substa- 
tions, automatic  switches  or  circuit-breakers  are  used  instead 
of  fuses  to  disconnect  the  transformer  from  the  line  in  case 
of  a  short  circuit  or  overload. 


TKANKKOHM  Kits  ON'  1*1  NO  I.  E- PHASE  Cmci'lTS. 

74.  Tmnsforniers  In  Parallel. — Transformers  may  be 
connecifd  in  parallel  so  as  to  feed  a  single  circuit,  as  shown 
in  Fig.  32,  but  care 
must  be  taken  in  con- 
necting them  up,orelse 
a  short  circuit  may 
sull.  We  will  suppose 
that  the  two  transform- 
ers to  be  connected  in 
parallel  are  of  the  same 
type,  so  that  they  will 
both  be  wound  alike. 
The  primary  terminals 


ind  j\ 


t  bee 


•'■!'■  ^  nected    to    the     same 

main,  and  /*,  and  /*,  to  the  other  main.  If  this  is  done, 
then  the  secondary  terminals  a  and  c,  and  d  and  </  will  have 
the  same  polarity  at  the  same  instant,  and  these  terminals 
should  be  connected  together,  as  shown.  The  external  cir- 
cuit, consisting  of  lamps  or  other  load,  is  connected  to  the 
secondary  mains.  Now,  it  will  be  noticed  that,  from  the 
way  in  which  the  two  secondaries  are  connected,  they  oppose 
each  other,  and  that  little  or  no  current  will  flow  until  the 
outside  circuit  is  connected.  Id  practice,  it  will  be  found 
that  a  small  current  will  flow  between  the  transformers,  but 
this  current  will  not  be  at  all  large.  Suppose,  however, 
that  the  secondary  terminals  should  be  connected  as  shown 
in  Fig.  23;  it  will  be  seen  that  the  two  secondary  coils  are 
here  connected  in  series  so  that  the  E.  M.  F.'s  generated 
in  them  act  together  to  set  up  a  current  through  the  coils 
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IS  resulting  in  a  short  circuit.  In  connecting  up  the  sec- 
ondaries,  before  making  the  final  connections  and  before 
connecting  on  the  circuit,  it  is  always  weil  to  make  sure 
that  the  proper  secondary  terminals  are  being  connected 
together.  This  can  be  . 
found  out  by  connect- 
ing two  of  them  to- 
gether and  then  con- 
necting the  other  two 
through  a  piece  of  small  *< 
fuse  wire  or  fine  copper 
wire.  If  the  fuse  blows. 
it  shows  that  the  con- 
nections should  be  re- 
versed. It  is  often  more 
convenient  to  reverse 
the  primary  terminals 
than  the  secondary,  especially  if  the  latter  have  been 
joined  up  permanently.  Reversing  the  primary  has,  of 
course,  the  same  effect  as  reversing  the  secondary,  and  it 
is  usually  easier  to  carry  out,  because  the  primary  connec- 
tions are  light  and  easy  to  handle  compared  with  the  sec- 
ondary. 


75.     Generally  speaking,  it  is  not  advisable  to  operate 
several  transformers   in  parallel,  or  bunkiii,  as  it  is  some- 
times termed.     This  is  especially  true  if  the  transformers  are 
small  and' scattered,  as  on  many  lighting  systems,  although 
it  was.  commonly  done  some  years  ago,  when  transformeis 
were  not  made  in  large  sizes  and  where  it  was  necessary  to 
have  a  large  transformer  capacity.     Suppose  a  number  i>f 
transformers  are  operating  in  parallel,  as  shown  in  Fig.  ^4. 
If  they  do  not  all  have  the  same  voltage  regulation,  the  load 
may  divide  unequally  between  them  and  one   or  more  of 
.  them  take  more  than  its  share.     The  result  is  that  the  fn.ses 
(  ot  the  heavily  loaded  transformer  blow,  and  this  throws  a 
heavier  load  on  the  remaining  transformers.       Cases  have 
[  been  known  where  the  fuses  would  blow  one  aftL-r  the  other 
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after  they  were  once  started  by  one  transformer  taking 
more  than  its  share  of  the  load.  Of  courjie,  if  the  trans- 
formers are  all  uf  the  same  size  and  of  similar  design,  such 


trouble  is  not  very  likely  to  happen;  but  it  is  belter,  if  pi's- 
sible,  to  have  each  transformer  supply  its  own  particular 
part  of  the  load,  and  if  more  capacity  is  needed,  to  use  one 
large  transformer  rather  than  a  number  of  small  ones. 

'       Ifip    Transformers  are  very  often  wound  with  their  pri- 
maries and  secondaries  in  two  sections,  so  that  they  may  be 


connected  in  series  for  high  voltage  and  in  parallel  for  low 
voltage.     For  example,  in  Fig.  'i5  the  transformer  is  wound 
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with  two  primary  cuils  P,  P,,  tach  designed  for  l.iKK)  volts 

l-'&nd  two  secondary  coiis  each  wound  for  50  volts.      By  con- 

p  necting  the  coils  P,  /'   in  series,  the  transformer  may  be 

P  operated  on  3.000-volt  mains,  and  if  the  secondaries  are  also 

I  connected  in  series,  it  will  supply  current  to  lOil-volt  second- 

[  ary  mains.     If  the  two  primaries  F,  /'   are  connected  in 

[  multiple,  as  shown  in  Fig.   26,  they  may  be  operated  on 

l.OOO-vult  mains,  and  if  the  secondaries  are  connected  in 

[  series,  they  will  supply  current  at  lon  volts.     If  desired,  the 

secondaries  could  be  connected  in  parallel  to  supply  current 

at  50  volts,   but   the  50-volt   secondary  circuit  is   rapidly 

going  out  of  use.     A  pressure  of  50  volts  was,  at  one  time, 

used  quite  largely  for  incandescent  lamps   operated  from 

i  transformers,    but   has  given   place   to   100   to   110   volts, 

I  because  the  latter  requires  less  copper  and  it  is  now  possible 

I  to  obtain  100-  to  110-vo!t  lamps  that  operate  fully  as  satis- 

I  factory  as  those  made  for  50  volts.     For  operating  motors, 

iecondary  pressures  of  110,  330,  or  SOO  volts  are  commonly 

P'Used. 


77«     In  many  places,  plants  that  were  originally  installed 
to  operate  at  1,000  volts  primary  pressure  have  been  changed 
over  to  3,000  volts, 
in   order  to  allow  a 
larger  load  to  be  car- 
ried without  inorea.s- 
ing  the   size    of    the 
^  Jine  wires.     In  siioh 
:   it  has  been 
nmmon  practice  to 
mnect    old    1,000- 
t  transformers  up 
pairs,    as   shown 
I  Fig.  27.     In  this 
de    primaries 
the    two     trans- 
5. 'J,  B 


nee  ted  in 
tins  and  the  secondaries  are 


series  acr 
;ted 


/.   II.- 


ss  the  2,000  volt 

1  parallel,  j 
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«roruicrs  ou  the  Thrto-Wlre  System. — Thi: 

general    n        ;ncy   is   to   ust;   a   few   large   transformers    fur 

supplying  ^    ;iven  district  rather  than  a  number  of  small 

ones,      f?        1    transformers    are    wasteful   of    power,    and 

DUgh        u  in  itself  may  not  represent  a  very  large  amount 

waste,  yet  when  a  large  number  arii  connected  np.  the 

Dtal  amount  of  energy  that  might  be  saved  during  a  year 

ay  using  a  few  large  transformers  may  be  surprisingly  large. 

Of  course,  in  moat  cases  where  the  customers  are  scattered, 

is  impossible  to  avoid    using   a  number  of  small  traus- 

rmers,  but  in  business  districts  it  is  generally  easy  to  use 


a  few  large  transformers  of  high  efficiency.  These  are  fre- 
quently connected  in  pairs  so  as  to  feed  into  three-wire 
secondary  mains  ;//,  m,  iii,  as  shown  in  Fig.  28.  The 
primaries  are  connected  directly  across  the  line  in  parallel, 
and  the  secondaries  are  connected  in  series  with  the  neutral 
wire  connected  between  them  at  the  point  o,  just  as  in  the 
case  where  two  dynamos  are  operated  on  the  three-wire  sys- 
tem. Care  must  be  taken  in  connecting  the  secondaries 
to  see  that  the  terminals  a  and  b  are  of  opposite  sign.  If 
they  are  correctly  connected,  a  pair  of  lamps  /,  /  connected 
in  series  across  the  outside  lines  should  burn   up   to   full 
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brightness.  If  they  arc  wrongly  connected,  the  lamps  will 
not  light  at  all,  showing  that  terminals  a  and  b  are  of  the 
le  polarity  and  that  c  and  il  are  also  the  same,  the  second- 
s  being  connected  so  that  the  two  outside  mains  arc  of 
the  same  polarity  with  a  common  return  wire  in  the  middle. 
If  such  is  found  to  be  the  case,  the  trouble  can  be  remedied 
by  reversing  either  fine  of  the  primary  or  secondary  connec- 
tions. It  may  be  well  to  mention  in  passing  that  if  two 
transformers  are  of  the  same  style  and  make,  the  terminals 
of  corresponding  polarity  will  usually  be  brought  out  of  the 
case  in  the  same  way.  For  example,  in  Fig.  aa,  termi- 
nals a  and  c  would  be  of  the  same  polarity  at  the  same 
instant.  It  is  always  best,  however,  to  test  out  the  con- 
nections before  connecting  things  up  permanently,  and  this 
is  especially  necessary  in  case  two  transformers  of  different 
make  or  type  are  being  dealt  with. 


TRAN8FOItMER8  ON  XWO-PIIASE  tilltCinTS. 

70.  As  already  mentioned,  most  two-phase  circuits  are 
operated  with  four  wires,  and  such  a  system  is  practically 
equivalent  to  two  single-phase  circuits.  The  general 
method  of  connecting  transformers  on  a  four-wire  circuit  is 
shown  in  Fig.  17.  If  a  motor  is  to  be  operated,  it  is  neces- 
sary to  use  a  transformer  on  each  phase,  the  capacity  of 
each  being  one-half  that  of  the  motor.  When  lights  arc 
operated,  they  are  connected  to  each  phase  in  the  same  way 
as  to  a  single-phase  circuit  and  the  load  divided  up  as  evenly 
as  possible  between  the  two  phases.  If  it  is  necessary  to 
connect  two  transformers  in  parallel,  as  shown  at  («), 
Fig,  29,  their  primaries  must  both  be  connected  to  the  same 
phase.  If  they  were  connected  to  different  phases,  as  indi- 
cated by  the  dotted  lines  running  to  Phase  1,  a  local  current 
would  flow  around  through  the  secondary  coils,  because  the 
1  two  secondary  currents  would  not  be  in  phase  and  there 
[  would  be  intervals  of  time  when  the  E.  M.  F.  of  one  would 
be  greater  than  that  of  the  other.     The  secondaries  may, 
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however,  be  connected  in  series  as  shown  at  {/'),  whv.n  the 
primaries  are  connected  to  different  phases,  forming  a  kin(i 
of  three-wire  system.  The  voltage  obtained  between  the 
outside  wires  will  not  be  twice  that  of  one  transformer,  as 
in  the  regular  three-wire  system.  If  the  voltage  of  each 
secondary  is  £,  the  voltage  between  the  two  outside  wires 
will  be  /iX  1.414.  For  example,  if  each  secondary  gave 
IIIO  volts,  the  pressure  between  the  outside  wires  would  be 
141.4  volts.  This  is  because  the  E.  M.  F. 's  in  the  two  coils 
arc  not  in  phase.  This  method  of  connecting  up  trans- 
formers is,  however,  not  to  be  recommended,  as  the  volt- 
ages on  the  two  sides  of  the  three-wire  system  are  apt  to 
become  unbalanced.  If  a  three-wire  system  is  desired,  it  is 
best  to  use  the  connections  shown  at  (c),  where  both  pri- 
maries are  connected  to  the  same  phase.  The  E.  M.  F. 's  in 
the  two  secondary  coils  are  in  this  case  in  phase  with  each 
other  and  the  pressure  across  the  outside  wires  is  twice 
that  of  one  secondary  coil. 

80.  In  connecting  transformers  to  a  two-phase  system, 
the  aim  should  be  to  get  the  load  on  the  two  phases  as 
nearly  balanced  as  possible.  Of  course,  where  motors  are 
operated,  both  phases  are  used,  and,  hence,  there  is  not 
much  danger  of  an  unequal  division  of  load.  When  lamps 
are  connected,  one  transformer  or  set  of  transformers  at 
one  point  on  the  circuit  can  usually  be  balanced  against 
another  group  at  some  other  point,  so  that  the  load  on  the 
whole  will  be  equally  divided,  as  indicated  in  Fig.  17. 
Fig,  30  shows  a  number  of  different  methods  of  connecting 
transformers  on  a  two-phase  system,  using  three  line  wires. 
In  this  case,  the  central  wire  acts  as  a  common  return,  and 
the  voltage  between  the  outside  wires  is  1.414  times  that  of 
each  phase.  The  same  remarks  apply  here  as  in  the  previ- 
ous case,  and  the  three-wire  arrangement  shown  at  (d)  is  not 
generally  satisfactory  as  that  shown  at  {i").  In  both 
I  cases  the  primary  pressure  is  shown  as  2,000  volts,  and 
L  transformers  with  a.  ratio  of  20  to  1  are  taken  for  the  sake 
I  of  illustratinn. 


:c 

J 


ELECTRIC  TRANSMTRRION. 


THANSFOnsrEnS  on  TIIHKE-PHASE  CIRCITITS. 

It  is  customary  in  America  to  use  three  single-phase 

■ansformers  for  transforming  from  one  pressure  to  another 

three-phase   circuits.      In    Europe,    three-phase    trans- 

■mcrs  are  used  in  which  there  are  three  primary  coils  and 

hrec  secondary  coils  wound  on  a  three-legged  iron  core.    In 

A.mcrica,  the  general  practice  is  to  use  three  standard  single- 

ihasc  transformers  connected  up  either  Y  or  A,  as  the  case 

^  be.     With  the  A  arrangement,  the  power  supply  will 

Kit    be   entirely  crippled  even   if    one  of  the    transformers 

^ould  become  damaged.     In  some  cases  the  primaries  are 

ted   across  the  lines  according  to  the  Y  scheme,   as 

lown  at  (rt),  Fig.  31.     By  using  the  Y  connection,  there  are 

)  primary  coils  in  series  between  any  pair  of  mains,  and, 

»nsequently,  the  pressure  on  any  one  primary  coil  is  less 

n  that  between  the  mains;  the  pressure  on  each  primary 

is  equal  to  the  pressure  between  the  mains  divided  by  1.732. 

When  the  primaries   are  connected  Y,  the  secondaries  are 

usually    connected  Y   also,  as    shown    at    {17).     Sometimes, 

lowevcr,  the  primaries  are  connected  Y  and  the  secondaries 

L,  as  shown  at  {b).    If  transformers  having  a  ratio  of  20  to  1 

3  connected  in  this  way,  the  secondary  pressure  would 

Biot  be  the  primary  pressure  divided  by  20,  i.  e.,  100  volts; 


but  would  be 


100 

1.73a' 


r57.; 


■olts.      In  order  to  get  100  volts 


scondary  with  this  scheme  of  connections,  the  transformers 
rould  have  to  be  wound  with  a  ratio  of 


20 


to  1, 


tl.65 


1.732 

1,  approximately.  Fig.  31  (i)  shows  transformers  with 
1  primaries  and  secondaries  having  A' connections.  The 
rangements  shown  at  {a)  and  (r)  are  the  ones  commonly 
led  in  connection  with  three-phase  work,  as  the  other 
:heine  either  calls  for  special  windings  on  the  transformers 
r  else  gives  rise  to  odd  secondary  voltages.  If  the  primaries 
!  to  be  connected  A,  then  each  primary  coil  must  be 
I  for  the  full-line  voltage.  If  the  primaries  are  con- 
l  V,  each  primary  coil  is  wound  for  the  pressure  divided 
32.      It  is  possible  to  use  only  two  transformers  on  a 
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three-]  =ystem,    as   shown   in    Fig.    31    (rf).    but   this 

arrangemen'    s  not  on  the  whole  as  desirable  as  the  others 

using  three  I  'ansformers,  because  if  one  breaks  down  the 

Tvice  is  crippled.     This   connection  is  equivalent  to  the 

Ita  arrangement  with  one  side  left  out.     The  connections 

iwn  in  (f )  are  doubtless  used  more  largely  than  any  of  the 

lers.      These  connections  allow  the  use  of  transformers 

nd  for  standard  voltages  and  a  breakdown  of  one  trans- 

iier  does  not  necessarily  interrupt  the  service. 

,     Plm^^-Clianfrlnfi;  Transfonners. — Two-phase  cur- 

nts  may  be  transformed  to  three-phase,  and  i';Vf  versa,  by 
means  of  an  arrangement 
of  transformers  devised 
-  by  Mr.  C.  F.  Scott. 
Fig.  'i'i  shows  the  con- 
"  nections  necessary.  Two 
transformers  A  and  B 
have  their  primary  coils  P 
and  P'  connected  to  the 
two-phase  mains  as 
shown.  The  secondary  -V 
of  transformer/)  has  .S7 
times  as  many  turns  as 
the  secondary  S'  of  trans- 
former li.  One  end  of  S  is  connected  to  the  middle  point  c 
of  S'.  The  three-phase  lines  are  attached  to  terminals  e,  b,  d. 
This  scheme  of  transformation  is  used  quite  largely  at 
Niagara,  where  two-phase  generators  are  used  and  the  cur- 
rent transformed  to  three-phase  for  transmission  to  Buffalo. 

83.  Capacity  of  Transformers  on  Two-  and  Tliree- 
Phnse  Sj-stems. — When  transformers  are  connected  on  a 
two-phase  system,  as,  for  example,  to  feed  a  two-phase 
motor,  each  transformer  has  to  be  of  capacity  sufficient  to 
carry  half  the  load.  If  the  three-phase  system  using  three 
transformers  is  used,  each  transformer  must  be  capable  of 
carrying  one-third  the  load.  When  the  transformers  are 
used  to  operate  induction  motors,  a  safe  plan  to  follow  is  to 
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install  1  kilowatt  of  transformer  capacity  for  every  horsepower 
delivered  by  the  motor.  Thus  a  20-horsepower,  two-phase 
induction  motor  would  require  two  10-kilowatt  transform- 
ers; a  30-horsepower  three-phase  motor  would  require  three 
10-kilowatt  transformers;  and  so  on.  The  following  table, 
issued  by  the  General  Electric  Company,  shows  the  size  and 
number  of  transformers  suitable  for  60-cycle,  three-phase 
induction  motors. 

TABIiE   VIII. 


CAPACITY  OF  TTlxVXSFORMERS  FOR  TIIREK-PHASE 

INDUCTION    MOTORS. 


Capacity  of  Transformers. 

H.  P. 

Kilowatts. 

of  Motor. 

Two 

Three 

Transformers. 

Transformers. 

1 

0.6 

0.0 

2 

1.5 

1.0 

3 

2.0 

1.5 

5 

3.0 

2.0 

n 

4.0 

3.0 

10 

5.0 

4.0 

15 

7.5 

5.0 

20 

10.0 

7.5 

30 

15.0 

10. 0 

50 

2e5.0 

15.0 

75 

•   •    •    • 

25.0 

LJUrR    CAIX^UIiATIOXS    FOll  ALTKRXATING 

CI  KRENT. 

84.  The  factors  that  determine  the  size  of  line  wire  for 
a  direct-current  transmission  apply  also,  in  a  general  way, 
to  alternating-current  systems.  The  resistance  of  the  line 
causes  a  drop  in  pressure  between  the  station  and  the  dis- 
tant end,  and  the  line  must  be  proportioned  so  that  this 


;lectric  transmission. 

>p  will  not  be  excessive.      If  the  load  to  be  carried  is 

nractically  all  lights,  and  if  the  distances  are  not  long,  the 

me  rules  that  have  already  been  given  for  direct -current 

circuits  may  be  applied  with  suiKcient  accuracy  to  alterna- 

g-current  lints.      If,  however,  the  lines  are  lung,  say  more 

in  'Z  or  3  miles,  there  are  other  effects  that  must  be  taken 

I  account.     It  must  be  remembered  that  the  current  is 

ttinually  changing,  and  this  introduces  effects  not  met 

h  in  continuous-current  circuits  where  the  current  flows 

;adily  in  one  direction.     The  size  of  wire  required  will 

"^nd  not  only  on  the  amount  of  the  load,  but  also  on  the 

I  of  load,  i.  e.,  on  whether  it  consists  wholly  of  motors  or 

jQts,  or  a  combination  of  the  two.     In  direct -current  cir- 

its,  it  makes  no  difference,  so  far  as  the  drop  in  the  line  is 

icerned,  how  far  the  wires  are  strung  apart  on  the  poles, 

in   an   alternating-current    circuit   this   may   have   an 

ji  reel  able  effect. 

5,     Seir-ludnctlon  of  lAne.  —  Suppose  A,  B,  Fig.  33, 
I'esent  two  line  wires,  and  suppose,  for  the  present,  that 

mous  current  is  flowing  in 
them.     The  result  of  this  current 


i''##'tlVl^    \{'J(!^\    will  be  to  set  up  a  magnetic  field 
S^0/l<l\    \ '  V\Wi^V     around  each  wire  as  indicated  by 
"'^''^y/       VvS-^^"^      '■'"'  dotted  circles,  and  as  the  cur- 
rent   is    supposed    to   be   steady, 
""  **■  these  lines  of  force  will  not  change 

in  any  way  and  will  have  no  effect  on  the  current.  Suppose, 
however,  that  the  current  is  alternating  instead  of  con- 
tinuous. The  lines  of  force  surrounding  the  wires  will  then 
change  with  the  change  in  current;  as  the  current  increases, 
the  magnetic  field  will  be  built  up  and  lines  of  force  will 
expand,  and  as  it  decreases,  the  lines  will  collapse  on  the 
wire.  The  result  is  that  there  is  a  cutting  of  lines  of  force 
by  the  line  wires;  or,  a  still  better  way  of  looking  at  it  is 
that  the  number  of  lines  threading  the  space  between  the 
wires  is  constantly  changing,  and  the  result  of  this  changing 
magnetic  field  is  that  an  electromotive  force  is  set  up  in  the 
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f  wires.    This  E.  M.  F.  of  self-induction,  as  it  is  csiUed,  depends 
r  on  the  number  of  lines  of  force  that  are  set  up  between  the 
I  wires  and  on  the  rate  at  whirh  these  Hnes  change;  in  other 
j  words,  it  depends  on  the  frequency  of  the  current.     The 
I  effect  of  this  E.  M.  F.  of  self-induction  is  to  make  the  cir- 
^cuit  have  apparently  a  greater  resistance  than  it  has  when 
1- direct  current  is  used,  because  a  certain  portion  of  the  pres- 
l  sure  applied  to  the  circuit  is  used  up  in  overcoming  this 
I  E.  M.  F.  of  self-induction.     By  referring  to  Fig.  ^3,  it  will 
be  seen  that  the  farther  the  line  wires  are  apart,  the  more 
\  room  there  will  be  between  them  for  lines  to  be  set  up,  and, 
hence,  the  greater  will  be  the  E.  M.  F.  of  self-induction.     If 
the  wires  could  be  placed  side  by  side  in  contact  with  each 
'  other,  there  would  belittle  or  no  self-induction.     This,  how- 
ever, is  not  possible,  and  lines,  as  strung  on  poles,  always 
s  a  certain  amount  of  self-induction.     When  the  two 
wires  are  twisted  together  to  form  a  cable,   as  in  under- 
I  ground  work,   they  have  little  or  no  self-induction.      The 
I  amount  of  the  E.  M.  F.  set  up  in  a  conductor  depends  on 
I  the  rate  at  which  lines  of  force  are  cut,     If  the  alternating 
current  flowing  through  a  line  changes  very  rapidly,  it  is 
evident  that  the  E.  M.  F.   of   self-induction  will  be  much 
higher  than  if  it  changed  slowly,  because  the  cutting  of  lines 
[  of  force  would  not  be  so  great  in  the  latter  case. 

This  E.  M.  F.  of  self-induction,  as  stated  above,  is, 
ito  a  certain  extent,  opposed  to  the  current  and  increases  the 
I  apparent  resistance  of  the  circuit.  Its  effect  is  to  make  the 
►  current  lag  behind  the  E.  M.  P.,  so  that  the  current  and 
IE.  M.  P.  do  not  come  to  their  maximum  values  at  the  same 
Einstant.  This  self-induction  may  also  be  present  to  a 
■^greater  or  less  degree  in  the  devices  that  are  operated  on 
fthe  circuit.  A  load  of  lamps  possesses  very  little  self-induc- 
ion,  but  a  load  of  induction  motors  may  introduce  quite  a 
large  amount,  and  thus  make  the  current  lag  considerably 
Ibehind  the  E.  M.  F. 

87*     If   we   have  direct   current  or  if   there    is  no  self- 
-induction   in    the    alternating-current    circuit,    the    power 


i 


r 
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tactor  is  1,  and  the  watts  are  given  directly  by  the  product 
of  the  current  and  E.  M.  F.  If  in  an  alternating  system 
we  have  to  deliver  W  watts,  the  apparent  watts,  or  volt- 

iperes,  as  they  are  sometimes  called,   will  be  -^,  where 

,       the  power  factor,  and  the  current  will  be 

9.  The  greatest  value  that  the  power  factor  can  have 
and  it  has  this  value  very  nearly  when  the  load  consists 
ily  of  incandescent  lamps  or  any  other  load  that  has  no 
reciable  self-induction.  Even  when  the  load  is  all  lights, 
transformers  have  a  slight  amount  of  self-induction,  so 
t  the  power  factor  may  be  about  .98,  Where  the  load  is 
motors,  the  power  factor  may  be  taken  as  .80,  and  where 
load  is  a  combination  of  motors  and  lights,  as  about  .R."). 

IxAMPLB. —     10  kilowatts  are  to  be  delivered  at  the  end  of  a  traiis- 

ssion  line  to  a  load  that  consists  wholly  of  motors,    (d)  What  wilt  be 

>..e  apparent  number  of  watts  delivered,  i,  e..  what  will  be  the  prmUiet 

of  the  current  and  voltage  at  the  end  of  the  line  ?     (*)  What  will  be  the 

current  if  the  pressure  at  the  end  of  the  line  is  1,000  volts  ? 

Solution— Since  the   load  is  all   motors,  we  may  take  the  power 
factor  as  .80;  hence,  we  have 

(a)  Apparent  watts  =  — j~- =  13,500.     Ans. 


Note. — It  the  power  factor  had  been  1  instead  of  .80,  the  apparent 
watts  would  have  been  the  same  as  the  true  watts  and  the  current 
would  be  lOamperes, 

89.  From  what  has  just  been  said,  it  will  be  seen  that  the 
effect  of  an  inductive  load,  and,  consequently,  low  power 
factor,  is  to  necessitate  a  larger  current  for  a  given  amount 
of  power  transmitted  than  would  be  required  if  the  load 
were  non-inductive.  This  means,  then,  that  a  larger  line 
wire  must  be  provided  if  the  drop  is  to  be  kept  the  same. 
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FOKMULIS    FOK    ilNE    C^VLCUI,ATION8. 
9<).     Estimation  of    Cross-Section   of    L.liit.>s. — It    has 

wen   shown   that   in   a  direct -current  transmission   line  a 

lertain  drop  in  voltage  is  equivalent  to  a  corresponding  loss 

I  in  power.     For  example,  if  the  drop  were  10  per  cent,  of  the 

[■delivered  voltage,  the  loss  of  power  in  the  line  would  also  be 

10  per  cent,  of  that  delivered  at  the  receiving  end.     With 

alternating  current,  the  percentage  of  drop  in  pressure  may 

be  quite  different  from  the  percentage  loss  in  power.     In 

case  alternating  current  were  used  in  the  circuit  mentioned 

L  above,  the  dnip  in  voltage  would  very  likely  be  more  than 

I  10  per  cent.,  on  account  of  the  self-induction  of  the  line. 

■  Just  what  the  drop  would  be,  corresponding  to  a  given  loss 
Lio  power,  depends  on  the  size  of  the  wire,  distance  apart  on 

■  tbe  poles,  etc.  The  exact  calculation  of  line  wires  for  alter- 
tnating  current  is  a  complicated  matter,  but  in  nearly  all  the 
I'Cases  that  arise  in  practice  they  can  be  estimated  with 
[  sufficient  accuracy  by  means  of  comparatively  simple  for- 
rtnulas.     It  is  seldom  that  a  wire  can  be  obtained  of  exactly 

■  the  same  size  calculated  unless  it  is  made  to  order,  so  that 
Lthe  approximate  formulas  give  sufficiently  close  results  for 
I  practical  work.  The  following  formulas,  originated  by 
[Mr.  E.  J.  Berg,  will  be  found  convenient  for  estimating 
I  alternating-current  lines.  We  will  denote  the  different 
I  quantities  entering  into  the  calculations  as  follows: 
[  /?  =  distance  in  feet  over  which  power  is  transmitted  (this 

distance  is  to  be  taken  one  way  only,  i,  e.,  it  is  the 

single  distance): 
!'=  total    watts    delivered   at     the    end   of    the    line    (this 

number  must  express  the  actual  watts  delivered,  not 

the  apparent  watts); 
■  =  percentage  of  foti'fr  lost  in  line  (it  should  be   noted 

that  this  percentage  is  that  of  the  power  dilivereti,  not 

the  power  generated;  also,  it  is  the  percentage  power 

lost,  not  the  percentage  drop  in  voltage) ; 
^  =  voltage  required  at  the  receiving  end  of  the  line,  L  e,, 

[he  voltage  at  the  end  where  the  power  is  delivered; 

a  constant  having  the  following  values; 


r 
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3,400  for  a  single-phase  sysiein  operating  lights  only. 
3.000  for  a  single-phase  system  operating  motors  and  lights. 
3,380  for  a  single-phase  system  operating  motors  only. 
1,200  for  a  three-wire  three-phase,  and  four-wire  two-phase 

system,  all  lights. 
1.500  for  a  three-wire  three-phase  and  four-wire  two-phase 

system,  motors  and  lights. 
1,(!S0  for  a  three-wire  three-phase  and  four-wire  two-phase 

system,  all  motors. 
The  cross-section  of  the  wire  required  for  any  given  case 
may  then  be  calculated  from  the  following  formula: 

-^x"'-.  (14.) 

ExAMPl-B.—    300  horsepower  is  to  be  transmitted  by  means  of  the 

three-phase  system  over  a  distance  of  5  miles  with  a  loss  of  10  per  cent, 
of  the  power  delivered.  The  pressure  at  the  end  of  the  line  is  to  be 
4.000  volts  and  the  power  is  to  be  used  altogether  for  operating  motors. 
Calculate  the  size  of  line  wire  required. 

Solution. —In  this  case  the  distance  D  is  5.380x5=96,400  feet. 
The  watte  delivered  will  be  300  X  748  ^  333,800.  /'  =  10  and  £,  =  4.000. 
The  constant  /  for  this  ease  will  be  ],fi90;  hence,  we  have  from 
formula 

_     10,400  X  223.61 

"  10  X  4,000  X  4,000  '^ 


Circular  mils  =  .^  ^  ^  ^  ^  ^  ^  X  1,690  =  62,407. 
■r  about  a  No.  2  B.  i 


91.     Estimation  of  Current  In  Hilues. — The  current  in 

the  line  wires  of  an  ordinary  continuous-current  line  is  easily 
obtained  by  dividing  the  watts  supplied  by  the  voltage  at  the 
end  of  the  line.  We  can  obtain  the  current  in  the  case  of 
alternating-current  systems  by  using  a  similar  formula  and 
multiplying  by  a  constant,  to  allow  for  the  circumstances 
under  which  the  current  is  used.  We  may  then  use  the  fol- 
lowing formula: 

W 

Current  in  line  —        x  7",  (15.) 

where      W  =  watts  delivered; 

E^  —  voltage  at  the  receivingendof  the  line; 
T  =  constant  referred  to  above. 
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Valukb  op  Constant  T. 

I  Single-phase  system,  all  lights 1.053. 

I  Single-phase  system,  motors  and  lights 1.17li. 

I  Single-phase  system,  all  motors 1.350. 

!  Two-phase,  four-wire  system,  all  lights 636, 

I  Two-phase,  four-wire  system,  motors  and  lights.      .688. 

I  Two-phase,  four-wire  system,  all  motors .625. 

I  Three-phase  system,  all  lights 

I  Three-phase  system,  motors  and  lights. . . 

I  Three-phase  system,  all  motors 

[  EXAUPLS  1.—     100  kiluwatts  are  delivered  by  r 


.      .607. 
.      .679. 
.      .735. 
of  the  tw<>- 
^,  four-wire  system  to  a  mixed  load  nf  motors  and  I[ghts.    The 
t  the  receiving  end  of  the  line  is  2.000  volts.     Calculate  the 
each  line  wire. 

Solution.—     100  kilowatts  =  100,000  watts.     For  this  case  the  con- 
it  7'willbe.5aS;  hence. 

Current  =  ^\\%%^  X  .B68  =  2fl.4  amperes.     Ans. 
Example  %.—    200  kilowatts  are  transmitted  by  means  of  the  three- 
system,  the  voltage  between  lines  at  the  receiving  end  being 
0  volts.     The  load  consists  wholly  oE  motors;  calculate  the  current 

I  Solution.—    300  kilowatts  =  300.000  watts.    For  this  case  the  value 
77'willbe.723;  hence. 

Current  =  ^JJJ"  X  -T^S  =  38.35  amperes.     Ans. 

\^i.     Estlmtttlon  of  Drop. — The  volts  drop  in  the  line 

r  a  continuous-current  system  would  be  -  ,„t  ',  when  Pis 

e  percentage  of  delivered  power  lost  and  £",  is  the  voltage 
btbe  receiving  end  of  the  line.  This  formula  can  be  made 
B  give  the  approximate  drop  in  an  alternating-current  line 
f  multiplying  it  by  a  constant  that  takes  into  account  the 
nditions  under  which  the  line  is  operated.      We  may  then 


Volts  drop  in  line  = 


Px  n. 


XM. 


(16.) 


The  value  of  the  constant  M  depends  on  the  frequency, 
B  power  factor  of  the  load,  and  the  size  of  the  line  wire. 
!  value  of  Af,  imder  various  conditions,  is  given  in  the 
[owing  table : 


NSMISSION. 


^^P 


TABLE    IX. 


ft 

1 
1 

Valuss  of 

If. 

1 

W  Cycles. 

00  CyclBi. 

m  Cjnelei, 

2 

13 

1 

i 

3 

1 

i 

s 

1 

1 
1 

1 

■a 

a 

i.ai 

1.04 

1.85 

1.85 

8.44 

a,oe 

3  U 

1.14 

1.49 

1,(B 

1.02 

3.15 

3  1(2 

2  07 

1 

1. 

1.05 

1.89 

1.40 

1,42 

1  D2 

2.25 

2.39 

.on 

1.30 

1.32 

1  28 

1.73 

1  M 

1.09 

a 

.,00 

1.23 

i.ai 

1.10 

1.S7 

1.74 

1.73 

uu 

^ 

i.uo 

1. 00 

1,10 

1. 11 

1.06 

1.44 

1,M 

1  58 

.m 

1.00 

1,11 

1,(W 

1.00 

l.»S 

1  m 

1  IW 

.00 

1. 00 

1,07 

1.00 

J. 00 

1,26 

1.36 

1,23 

1 

1.00 

1.00 

1.04 

1.00 

1.00 

i.ie 

1  in 

1  11 

; 

1.00 

1.00 

i.oa 

l.OO 

1.00 

1.14 

l,Ofi 

l.OS 

T 

1 

1,00 

1.00 

t.oo 

1.00 

1,00 

1,06 

1.01 

1,00 

B 

llj.li01( 

l.Wl 

1.00 

1.00 

I. (10 

1.00 

1.00 

I.IW 

1  (Ml 

1.00 

ExAHfLE.—  600  kilowatts  are  to  be  transmitted  a  distance  of 
6  miles  by  means  of  [he  three-phase  80-cyele  system.  The  loss  in  the 
line  is  to  be  limited  to  10  per  cent,  of  the  power  delivered,  and  the 
pressure  at  the  receiving  end  of  the  line  is  to  be  6,000  volts.  The 
current  is  to  be  supplied  to  a  mixed  load  of  motors  and  lights.  Calcu- 
late (n)  the  size  of  the  line  wire;  (i)  the  current  in  each  line;  W  the 
volts  drop  in  the  line;  and  {d)  the  pressure  generated  by  the  dynamos 
at  full  load. 

Solution.—  600  kilowatts  =  600,000  watts.  6  miles  =  6  X  5,280 
=  81,680  feet.      Using   formula   14,  we   have,   since   /  for  this  case 


1.500, 


Circular  mils  =  - 


X  600.000  X 


1,500 


79,300. 


<  6.000  X  6 

(a)    A  No.  1  B.  &  S,  wire  would  therefore  be  used.    Ans. 

In  order  to  obtain  the  current  in  each  line  we  use  formula  15,  and 
(or  this  case  the  value  of  7"  will  be  .679;  hence, 

(*)  Current  =  *iiU-  X  .679  =  H7.S  amperes.    Ans. 

(c)  In  order  to  calculate  the  volts  drop  in  the  line,  we  use  for- 
mula 16.    For  a  No.  1  wire  and  a  frequency  of  00  cycles  on  a  combined 
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mp  and  miitur  lisid.  the  value  of  iheconstani  A/h  fuund  lu  be  l.Ul  by 
Kterring  to  the  table;  hence. 

VulU  drop  =  ^^^Jj^X  1.31  =7iO.     Ans. 

(rf)  Since  the  drop  In  the  line  is  73li  volts,  the  pressure  al  the  dynamo 
bust  be  B.OOO  +  raft  =  B,7a«  volts  when  the  full-load  current  is  bging 
felivercd.     Ans. 


EXAMPLES  FOR  PRACTICE. 

0  horsepower  is  to  be  supplied  to  flO-cycle  induction  motors  by 
IS  of  the  two-phase,  four-wire  system  over  a  line  8  miles  long.  The 
.t  the  distant  end  of  the  line  is  to  lie  4.000  volts  and  thu  loss 
i  is  to  be  limited  to  »  per  cent,  of  the  power  delivered.  Cal- 
Wlate  (a)  the  size  of  the  wire  required ;  (i)  the  current  in  each  line  wire ; 
r)  the  drop  in  the  line.  f  (j)    BH.OMI  cir.  mils,  nearly; 

^^g     I  about  No.  4  B.  &  S. 

*  I  ((*)    38.14  amperes. 
[  (c)     820  vults. 
A  three-phase  alternator  delivers  400  horsepower  to  a  mixed  liud 
lotors  and  lights.     The  pressure  al  the  distant  end  of  the  line  is 
)  volts.     Calculate  the  current  in  each  line.        Ans,  6", 54  amperes. 
•5,000  incandescent  lamps  are  supplied  with  current  from  a  :iinglc- 
«  alternator,  having  a  frequency  of  126,  over  a  distance  of  8  miles- 
loss  in  the  line  is  to  be  limited  lo  10  per  Cent,  of  the  power  deliv- 
d  and  the  pressure  at  the  end  of  the  line  is  to  be  8. HOC  volts.    Allow 
atts  for  each  lamp  supplied  and  calculate  (a)  the  size  of  the  line 
:  l&)  the  current  in  the  line ;  (r)  the  volts  drop  in  the  line ;  ('/)  the 
oltage  at  the  generauir.  f  (j)    I38.780  dr.  mils,  or  about 

No.  00  B.  &  S. 
(A)     105.2  amperes, 
(i)     578  volts. 
(,i)    3,570  volts. 


powKR  mi-:awi:hethent. 


niRECT-CUUttKNT    CIKCriTS. 

I  0S>  It  has  been  shown  that  the  power  in  wattssupplied  to 
my  direct-current  circuitmaybt  obtained  by  multiplying  the 
fcttrrent  by  the  E.  M,  F.  across  the  lines.  For  example,  in 
Pig.  34,  we  may,  at  any  time,  obtain  the  watts  supplied  to 
aie  motor  A/  by  multiplying  the  reading  given  by  the 
J.    II.— s- 
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ammeter  A  by  that  given  by  the  voltmeter  J'.  The  num- 
ber of  watts  so  obtained  represents  the  rale  at  wkich  work 
is  being  done  at  the  in- 
stant the  readings  are 
tuken.  It  must  be  re- 
membered that  the 
watt  is  a  unit  of  elec- 
trical power,  not  work, 
and  expresses  rate  of 
doing  ivork.  The  elec- 
trical unit  of  work  is 
the  joule,  and  when 
work  is  done  at  the  rate 
of  1  joule  per  second, 
1  watt  is  expended. 
By  combining  the  volt- 
meter and  ammeter  we 
can  make  an  instru- 
ment the  indications 
of  which  will  be  equal  to  the  product  of  the  current  and 
voltage,  and  thus  indicate  the  watts  directly.  Such  an 
instrument  is  called 
an  indicating  -wattme- 
ter. Fig.  35  shows  a 
Weston  wattmeter  of  \ 
the  kind  referred  to. 
The  principle  on  which 
this  wattmeter  oper- 
ates will  be  understood 
by  referring  to  Fig.  30. 
Two  stationary  coils, 
consisting  of  a  few 
turns  of  heavy  wire, 
as  indicated  by  a,  a, 
are   mounted   side   by  ^'°-  ^■ 

side,  and  a  small  coil  b,  consisting  of  a  large  number  of  turns 
of  fine  wire,  is  mounted  between  them  on  jeweled  bearings. 
The  motion  of   the   swinging  coil   is  controlled   by  spiral 


I 


h* 
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Bprings  c,  c,  which  also  serve  to  carry  the  current  into  the 
»il.     The  pointer  is  attached  to  the  axis  of  the  swinging 

Koil  and  plays  over  a  horizontal  scale.  The  stationary 
■xi\\S  a,  a  are  connected  in  series  in  the  circuit,  so  that  the 

hearrent  supplied  to  the  motor  or  other  device  passes  through 
them.     The  swinging  coil  is  connected  directly  across  the 


Bircuit,  and  a  high   resistance   T  is  usually  connected  in 
Et  with  the  swinging  coil,  so  as  to  limit  the  current  flow- 
ing through  it  to  a  very  small  amount;  J,  if  are  the  current 
lerrainals  of  the  instrument,   i.  e.,  the  terminals  that  con- 
fct  to  the  (ixed  coils;  and  e,  e  are  the  terminals  of  the 
winging  coil. 


I 

I 


94.  From  the  way  in  which  the  instrument  is  connected 
it  is  setn  at  once  that  the  current  in  the  fixed  coils  is  the 
same  as  the  current  supplied  to  the  device  operated;  also, 
since  the  swinging  coil  is  connected  directly  across  the  cir- 
cuit, like  a  voltmeter,  the  current  in  the  swinging  coil  will 
be  proportional  to  the  voltage  between  the  lines.  Now,  the 
twisting  force  exerted  upon  the  swinging  coil  depends  on 
the  current  in  the  coil  and  the  strength  of  the  field.  The 
strength  of  the  magnetic  field  set  up  through  the  fixed  coil 
is  directly  proportional  to  the  current  flowing  through  it,  so 
that  the  twisting  force  exerted  on  the  swinging  coil  depends 
on  the  product  of  the  current  and  the  voltage;  conse- 
quently, the  instrument  may  be  graduated  to  read  in  watts. 
Care  must  be  exercised  when  connecting  a  wattmeter  in  a 
circuit  not  to  get  the  current  and  pressure  terminals  con- 
fused, because  if  the  current  terminals  were  connected 
across  the  line,  a  short  circuit  would  result,  and  the  instru- 
ment would,  in  all  probability,  be  destroyed.  There  is  gen- 
erally no  excuse  for  making  such  a  mistake  as  this,  because 
the  terminals  are  entirely  different  in  appearance;  never- 
theless, it  has  been  known  to  occur.  If  the  fine-wire  coil  is 
connected  in  series  in  the  circuit,  no  damage  will  result, 
but  scarcely  any  current  will  flow  on 
account  of  the  high  resistance  so  in- 
troduced. 

95.  If  an  indicating  wattmeter 
were  connected  to  a  motor  as  shown 
in  Fig.  37,  it  would  indicate  the  power 
supplied,  and  its  readings  would  vary 
as  the  load  on  the  motor  changed. 
Where  power  is  sold  to  customers  from 
a  central  station,  it  is  generally  more 
important  to  know  the  total  amount 
of  work  done  during  a  given  interval 
of  time  than  the  power  that  the 
motor  or  other  device  is  taking  at  any 
particular  instant.     For  example,  the 
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Bcoropany  supplying  power  wishes  to  know  just  hmv  much 
Ijirurkhas  been  done  during,  say,  I  month,  so  that  the  bill 
vmay  be  rendered  accordingly.  If  we  do  work  at  the  rate  of 
1  J  watt,  i.  e.,  1  joule  per  second,  and  keep  this  up  for  an  hour, 
^  we  do  a  certain  definite  amount  of  work.      This  quantity  of 

I  Work  is  known  as  the  watt-hour.     1  joule  is  equivalent  to 
.7373  foot-pound,  and  .7373  foot-pound  per  second  is  1  watt. 

■  If,  then,  wc  work  at  the  rate  of  1  watt  and  keep  it  up  for 

II  hour,  or  60  X  60  seconds,  at  the  end  of  the  hour  we  will 
ihave  done  .7373  X  60  x  fiO  =  3,(i5i.2S  foot-pounds  of  work. 
I  In  order  to  obtain  the  total  amount  of  work  exf>ended  on 
lany  device,  we  must  use  some  instrument  that  will  give  us 

the  product  of  the  average  rale  at  which  work  ha.s  been 
done  by  the  time  during  which  it  was  done.  Such  an 
instrument  is  known  as  a  recording  wattmeter,  or  wntt- 
hniir  meter.  The  latter  name  is  preferable,  because  the 
readings  of  these  instruments  do  not  give  watts,  but  walt- 
faours. 


96,  Fig.  3H  shows  a  Thomson  recording  wattmeter, 
I  which  is  without  doubt  more  largely  in  use  than  any  other 
I  one  type.     It  is  in  principle  a  wattmeter  similar  to  that 

ihown  in  Fig.  30,  except  that  the  fine-wire  coil  is  arranged 
•«D  as  to  revolve  instead  of  being  merely  deflected.  In  order 
I'to  bring  this  about,  the  fine-wire  coil  is  made  up  in  the  form 
f  of  a  small  drum-wound  armature  without  an  iron  core,  as 
[shown  at  n.  This  armature  is  mounted  on  a  vertical  shaft 
Lsnd  is  provided  with  a  small  silver  commutator,  the  current 
■  being  led  into  the  armature  by  means  of  the  silver-tipped 
[  brushes  d.  The  current  coils  are  shown  at  c,  c.  The  meter 
Lis,  in  fact,  a  small  electric  motor  without  iron  in  either  its 
^armature  or  field.      The  lower  end  of  the  shaft  carries  a 

ropper  disk  that  revolves  between  the  poles  of  permanent 
Ifnagnets.     The  eddy  currents  set  up  in  the  disk  retard  the 

notion  of  the  armature,  just  as  the  reaction  of  the  current 
1  the  armature  of  an  ordinary  dynamo  retards  the  engine. 

I'his  retarding  action  of  the  disk  can  he  adjusted  by  swing- 
ting  the  poles  of  the  magnets  in  i>r  out   from   the    [icriphery. 
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The  speed  with  which  the  meter  runs  is  thus  made  propor- 
tional to  the  watts  expended  at  any  given  instant,  and  the 
total  number  of  rfvolutions  that  the  disk  makes  in  li  given 
period  is  proportional  to  the  total  numher  of  watt-hours  of 
work  done  during  that  period. 


The  number  of  watt-hours  used  during  a  given  time  is 
obtained  by  taking  readings  from  the  dials  at  the  top  of  the 
meter  in  much  the  same  way  as  a  gas  meter  is  read.  On 
some  meters,  the  reading  as  taken  from  the  di^l  has  to  be 
multiplied  by  a  constant  in  order  to  give  the  watt-hours. 
This  constant  is  marked  on  the  dial. 

97.  Fig.  3fl  shows  the  method  of  connecting  Up  a  Thom- 
son recording  wattmeter  of  small  capacity  on  a  two-wire 
circuit.  The  wires  from  the  line  always  enter  ihe  meter  at 
the  left,  and  those  going  to  the  load  pass  out  at  the  right. 
When  Ihe  meter  is  of  large  capacity,  only  one  side  of  the 
circuit  is  run  through  it  and  a  small  "potential  wire "  is  run 
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I  from  the  other  side,  so  as  to  put  the  armaliirc  across  the 

uit.     This  methcKl   of    connection   is  shown  in   Fig.  40. 

ii.   shows  a  meter  connected  V>  a  three-wire  circuit. 


The  neutral  wire  docs  nut  enter  the  meter,  but  a  tap  is  tal(en 
pff  from  it  so  as  to  put  the  armature  acrnss  one  side  of  the 


The   field   coils  are  connected   in  series  with  the 
wires,  as  shown.     In  Fig.  33  the  starting,  or  shunt, 
bil,  as  it  is  sometimes  called,  is  a  coil  of  fine  wire  in  series 
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"m  with  the  armature  and  placed  inside  one  of  the  field  coils. 

^  It  provides  just  about  enough  field  to  start  up  the  meter,  so 

B  that  when  a  light  load  is  thrown  on,  the  meter  will  start  up 

W  readily.      The  coil  is  intended  to  overcome  friction  and  make 

I  the  meter  more  accurate  on  light  loads. 


98.  The  above  remarks  relating  to  recording  wattmeters 
have  been  made  with  special  reference  to  the  Thomson 
meter,  because  this  one  is  so  widely  used.  It  is  accurate 
and  has  the  great  advantage  that  it  will  operate  on  either 
direct  or  alternating  current.  If  properly  cared  for  it  will 
give  good  results,  but  the  commutator  is  delicate  and  must 
be  kept  in  good  order. 


ALTKHXATIXfJ-CXTHRENT  CniCinTS. 

99.  Slntrle-Phajw  Cli-c-ults. — The  power  supplied  to  an 
alternating-current  circuit  cannot  generally  be  obtained  by 
multiplying  the  current  by  the  voltage.  The  power  factor 
of  the   load  must  be  taken  into  account,  and  the  only  case 
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frbere  the  volts  multiplied  by  amperes  would  be  equal  to  the 
■atts  would  be  where  the  device  operated  had  practically  no 
felf 'induct ion  or  electrostatic  capacity,  as,  for  exaniple,  a 
Ktd  of  lamps. 

100.  The  best  method  of  measuring  the  power  supplied 
}  an  alternating-current  circuit  is  by  means  of  a  watt- 
meter.     There  are  methods  of  doing  it  by  means  of  amrae- 

i  and  voltmeters,  but  they  are  seldom  used  in  practical 
prork.     An   indicating   wattmeter   connected   as   shown   in 
'ig.   37  on  a  single-phase  alternating-current   circuit  will 
dicate  the  actual  watts  expended.     If  a  record  of  the  watt- 
fours  supplied  is  desired,  a  Thomson  recording  wattmeter 
lay  be  connected  in  the  same  way  as  for  a  direct-current 
ircuit,  as  shown  in  Fig.  39,  40,  or  41,  because,  as  already 
mentioned,  this  type  of  recording  wattmeter  will  work  on 
either  direct  or  alternating   current.     Also,  the   Thomson 
meter  may  be  used  on  any  of  the  ordinary  frequencies  and 
still  give  accurate  results. 

101.  IiKluctluit  Wattmeters. — There  are  a  number  of 
lEEerent  types  of  recording  wattmeters  that  operate  on  the 
rinciple   of   the   induction   motor.     In   these   meters   two 

I  are  usually  provided  (for  a  single-phase  meter),  one 
fcing  a  current  coil  and  the  other  a  potential  coil.  These 
l^ils  are  so  arranged  that  the  currents  in  them  differ  in 
phase,  and  the  shifting  magnetism  so  set  up  acts  on  a  small 
armature,  which  usually  takes  the  form  of  a  copper  or 
aluminum  disk  or  drum.  Currents  are  set  up  in  this  arma- 
ture under  the  influence  of  the  changing  magnetic  field,  just 
as  in  the  squirrel-cage  armature  of  an  induction  motor; 
_in  fact,  induction  meters  are  practically  small  induction 
TS.  Fig.  a  shows  an  induction  meter  (single- phase) 
!  by  the  Fort  Wayne  Electric  Works.  /)  is  the  revolv- 
I  aluminum  armature,  which  is  in  the  form  of  an  inverted 
J>;  a  is  the  current  ciiil,  which  is  wound  on  an  iron  core, 
B  pole  piece  of  which  faces  /).  The  potential  coil  occupies 
ftlitnilar  position  back  of  the  armature  /},  and  is  therefore 


t  seen  in  the  figure.     The  fine-wire  potential  i 


s  used 
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in  connection  vvilh  a  chiikc  coil,  so  that  the  currents  in  a 
and  the  putential  coil  differ  in  phase,  and  the  result  is  that  a 
turning  effort  is  exerted  on  drum  D.  The  cup-shaped  drum 
D  answers  both  fnr  the  armature  and  damping  disk,  and  the 
speed  control  is  effected  by  the  permanent  magnet  E,  which 
exerts  a  dragging  action  on  the  armature.     The  adjustment 


I 


of  the  meter  is  brought  about  by  raising  or  lowering  £,  thus 
making  the  meter  run  slower  or  faster,  as  desired.  Induc- 
tion meters  can,  of  course,  be  used  on  alternating  current 
only  and  current  of  the  frequency  for  which  they  are 
adjusted.  They  have  one  advantage  over  the  Thomson 
meter  in  that  they  have  no  commutator  to  give  trouble. 

103.  Anipore-IIour  Mef*^rs. — Many  <if  the  meters  for- 
merly used  recorded  ampere-hours  instead  of  watt-hours. 
It  is  evident  that  the  number  of  ampere-hours  gives  no  idea 
as  to  the  amount  of  work  done  during  a  given  time,  unless 
the  pressure  at  which  the  current  was  supplied  is  known. 
For  example,  aoo  ampere-hours  at  a  pressure  of  ."iO  volts 
would  be  equal  to  10, DUO  watt-hours,  assuming  that  the 
pressure  remained  constant  at  50  volts  during  the  time  and 
that  the  power  factor  of  the  load  was  1.     If  the  pressure 
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were  100  volts,  the  same  meter  reading  would  be  equivalent 

)  20,000  watt-hours.      Ampere-hour  meters    are   not  used 

learly  so  much  as  formerly.     Practically,  all  the   modern 

:ers  are  watt-hour  meters,  and.  hence,  take  account  of 

rariations  in  pressure  as  well  as  of  current.     The  earlier 

s  of  Westinghouse,  or  Shallenberger,  and  Duncan  meters 

measured  in  ampere-hours.     The  great  objection,  however. 

>  the  use  of   ampere-hour  meters  on  alternating-current 

■cuits  is  that,  if  the  load  is  at  all  inductive,  i.  e.,  if  the 

r  factor  is  less  than  1,  they  run  up  a  larger  bill  against 

onsumcr  than  they  should  for  the  actual  power  sup- 

An  ampere-hour  meter  takes  no  account  of  the  power 

factor,  but  simply  measures  up  the  current;  consequently, 

r  the  same  actual  power  used  it  will  run  up  a  larger  bill 

an  a  recording  wattmeter  would  if  it  were  connected  on 

Jie  same  circuit.     The  customer  pays  for  power,  not  for 

sirrent,  and  the  ampere-hour  meter  readings  multiplied  by 

iverage  voltage  would  give  a  larger  number  of  watt- 

s  than  was  actually  used.     Of  course,  when  the  load  is 

all   lights,   the  power  factor  is  practically  1,  and  for  such 

service  the  ampere-hour  meter  gives  fair  readings;  but  when 

it  comes  to  measuring  power  supplied  to  induction  motors 

Lor    other    inductive    loads,    recording    wattmeters    should 

f)x  used. 

103.  If   the   power   supplied  to  an  alternating-current 
■nngle-phase   circuit   is  to  be   measured   by   means  of    an 

ammeter  and  voltmeter,  the  power  factor  /  of  the  circuit 
nust  be  known.  The  watts  may  be  obtained  by  solving 
Formula  13  for  fV,  which  gives 

lV=Cx  £  X/,  (17.) 

bbere  C  is  the  ammeter  reading  and  £  the  voltmeter  read- 
In  most  cases,  the  value  of  the  power  factor/"  is  not 
nown  exactly,  so  that  it  is  best  to  use  a  wattmeter. 

104.  Two-Phaso  CliH^ults. — In  order  to  measure  the 
»wcr  supplied  to  any  receiving  device  operated  on  a  two- 
thasc  system,  as,  for  example,  a  two-phase  induction  motor, 
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it  is  best  to  use  two  wattmeters,  one  connected  in  each 
phase,  as  shown  in  Fig.  43.  The  total  power  supplied  will 
then  be  the  sum  of  the  readings  of  the  two  meters.  If  the 
load  on  the  two  phases  is  exactly  balanced,  one  wattmeter 
may  be  connected  in  one  phase  and  its  reading  multiplied 
by  2.  It  is  not  safe  to  do  this,  however,  unless  it  is  known 
that  the  two  sides  are  balanced.  If  only  one  wattmeter  is 
available,  it  may  sometimes  be  arranged  so  that  it  may  be 


I 
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connected  first  in  one  side  and  then  in  the  other,  but  as  a 
rule  this  is  troublesome.  On  a  three-wire  two-phase  system, 
the  two  wattmeters  would  be  connected  in  very  much  the 
same  way  as  shown  in  Fig.  43,  one  end  of  each  of  the  pres- 
sure coils  being  connected  to  the  middle  wire.  If  /  is  the 
power  factor  of  a  balanced  two-phase  system,  C  the  current 
in  each  phase,  and  E  the  E.  M.  F.  per  phase;  then  the 
watts  supplied  will  be 

W=iCE/.  (18.) 

ExAHPLR. — Power  is  delivered  to   a  two-phase    induction   motor 

having  a  power  (actor  of  ,sri.    The  current  in  each  phase  is 80  amperes, 

and  the  voltage  of  each  phase  220  volts.      Calculate  the  horsepower 

supplied  to  the  motor. 

Solution.— We  have 

Watts=3Cx  £:x/ 

=  3x30x33flX.9-'> 
=  11.330, 
Hence.  H  P,  =  "ij*"  ~  '^'  nearly.     Ans. 

lOii.     TliTH-o-Phnso  Circuits. — In  the  three-phase  sys- 
tem we  do  not  usually  have  three  distinct  circuits.     If  three 
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t  circuits  were   used,  sis  wires  would  be  necessary. 

Each  wire  serves  alternately  as  the  return  fur  the  other  twu. 
lAd  on  this  account  wattmeters  have  to  be  connected  some- 
^hsti  differently  than  on  an  ordinary  circuit  when  measure- 

lenls  of  power  are  being  made.      If  the  power  is  supplied  to 


ft  balanced  load,  as,  for  example,  a  load  consisting  wholly  of 
rec-phase  motors,  one  wattmeter  may  be  used  to  measure 
e  power,  as  indicated  in  Fig.  44.     The  method  of  connect- 

bg  the  potential  coil  /  and  the  resistances  r„  r„  and  r, 

Ifaould  be  noted.    These 


»istances  are  connect- 
i  as  shown  in  order  lo 
Obtain  an  artificial  neu- 
tral point,  similar  to  the 
common  connection  of 
a  Y-COnnected  three 
phase  armature.  This 
combination  of  resist- 
ances is  sometimes 
called  a  "  Y  resistanci 
ora"Vbox."  Although  ', 
the  current  coil  is  in  one 
side  of  the  system  only, 
the  instrument  ran  be 
calibrated  to  read  the 
tola]  watts  delivered, 
assuming,  of  course, 
that   the    load    is   bal- 
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106,  Fig.  4ii  shows  how  to  connect  a  Thomson  record- 
ing wattmeter  with  its  Y  resistance  so  as  to  measure  the 
power  on  a  balanced  tliree-phase  circuit.  The  recording 
meters  are  so  calibrated  that  their  reading  mullipiied 
by  thfe  meter  constant,  if  there  is  one,  gives  the  total 
power  supplied.  Fig.  45 
shows  the  connections 
when  the  meter  is  used 
on  circuits  where  the 
pressure  is  not  over 
500  volts.  When  the 
pressure  is  higher  than 
this,  small  transform- 
ers /,  t.  Fig.  46,  arc 
used  to  step  down  the 
voltage  for  the  pres- 
sure coil  of  the  record- 
ing wattmeter,  and  the 

shown  in  the  figure  re- 
ferred to. 

107.      If     the     cur- 
rent in  each  line  of  a 
.  balanced      three-phase 
;tcm  is  C,  the  pres- 
sure    between     the 
■''°-  **■  lines  E,  and  the  power 

factor  of  the  load/",  then  the  watts  delivered  will  be 


(F=  1.73a  xExCy./. 


(19.) 


Example, — A  three-phase  motor  takes  a  current  of  40  amperes  from 
a  500-volt  line.    How  many  horsepower  arc  supplied  if  the  power  factor 
of  the  motor  is  .80  ? 
Solution.— We  have 

W=  1.733  X  i^X  Cx/ 
=  1.733  X  500  X  40  X  .80 
=  37,713. 


I 


H.  P-  = 
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108.  The  power  factor  of  induction  motors  varies 
greatly  with  the  load  and  also  with  the  size  of  the  motor. 
The  power  factor  of  a  good  motor  of  fair  size  running  at  full 
load  will  usually  lie  between  .85  and  .90.  When  running  at 
^  to  f  load,  the  power  factor  may  drop  to  .75  or  .SO,  For 
lis  reason,  the  student  is  cautioned  against  making  power 
Iculations  in  connection  with  induction  motors  or  any  other 
piece  of  alternating-current  apparatus  by  multiplying  the 
current  and  E.  M.  F.  together.  Such  calculations  may  be 
far  from  correct,  unless  the  power  factor  is  known  and 
taken  into  account  as  shown  above.  Take,  for  example,  the 
common  case  where  a  transformer  primary  is  connected,  say, 
to  2,000-volt  mains  and  its  secondary  is  open  and  supplying 
no  current  whatever.  A  small  current  will  flow  through 
the  primary;  in  this  case  we  will  say  .'in  ampere.  The 
apparent  power  that  the  primary  Is  taking  is  .25  X  2,000 
500  watts.  If  the  power  were  measured  by  means  of  a 
ittmeter,  it  would  be  found  that  the  actual  power  supplied 
not  nearly  as  large  as  this;  it  might  not,  in  fact,  be 
more  than  one-haU  this  amount.  On  the  other  hand,  if  the 
transformer  were  working  on  a  full  load  composed  of  lights, 
the  product  of  the  current  and  the  E.  M.  F.  would  give  very 
"ly  the  actual  power,  because  the  power  factor  would, 
such  circumstances,  be  nearly  equal  to  1, 
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fiPECIAI^   METERS. 

I  loo.  The  Two-ltftte  Meter. — Most  clectric-Ught  sta- 
[ons  have  their  period  of  heaviest  load  for  a  few  hours  only, 
I  the  evening.  During  the  daytime  the  plant  is  lightly 
ndcd  and  a  large  part  of  the  machinery  is  standing  idle. 
a  order  to  obtain  a  "day  load"  and  thus  work  the  plant  to 
est  advantage,  some  companies  supply  power  during  the 

kkytime  at  specially  low  rates  in  order  to  induce  customers 
B  electric  motors.  For  measuring  the  power  supplied 
t  such  customers,  t^vo-nite  niet*.'rs  are  sometimes  used. 
.  two-rate   meter  is  one  thai  records   the   power   during 
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certain  hours  of  the  day  separately  from  the  power  used  in 
the  evening,  so  that  the  amount  of  power  to  be  charged  for 
at  the  reduced  rate  may  be  known.  The  two-rate  meter  as 
brought  out  by  the  General  Electric  Company  is  a  regular 
Thomson  recording  meter  provided  with  two  dials  and 
recording  trains.  The  meter  is  also  provided  with  an  elec- 
Iricaliy  operated  self-winding  clock  movement  that  throws 
cither  one  or  the  other  recording  train  into  gear  with  the 
meter  at  whatever  times  the  clock  is  set  for.  For  example, 
the  clock  might  be  set  so  that  the  meter  would  record  on  the 
low-rate  dial  from  6  a.m.  to  6  i'.m.  and  then  be  switched  over 
to  record  on  the  high-rate  dial  from  fi  p.m.  to  6  a.m.  The 
changing  over  from  one  dial  to  the  other  is  accomplished 
by  means  of  two  small  friction  clutches  controlled  by 
the  clock. 

no.  The  KlaxitQiiin-Denuind  Metfr. — The  ma.iimum 
amount  of  current  that  the  various  customers  consume,  to  a 
large  extent  determines  the  capacity  of  the  equipment  that 
must  be  provided  for  the  station.  Some  customers  might 
use  large  currents  for  short  intervals,  h\n  the  plant  would 
have  to  be  capable  of  delivering  these  large  currents,  and  in 
some  cases,  therefore,  the  maximum  demand  for  current  is 
taken  into  account  in  charging  for  the  supply  of  current. 
One  style  of  instrument  used  for  indicating  the  maximum 
current  used  by  a  customer  is  the  Wright  demand  meter. 
In  this  instrument  the  main  current  passes  around  a  flat 
conductor  that  encircles  a  bulb  on  the  top  of  one  branch  of 
a  U-sha[Ted  tube,  frhich  is  partly  filled  with  liquid.  When 
current  flows  through  the  strip  the  bulb  becomes  heated, 
thus  expanding  the  air  and  forcing  liquid  into  a  bulb  on  the 
top  of  the  other  branch  of  the  U  tube,  from  which  it  flows 
into  a  vertical  tube  closed  at  the  lower  end.  The  amount 
of  liquid  thus  forced  into  this  tube,  by  the  expansion  due  to 
the  heating  effect  of  the  main  current,  is  a  measure  of  the 
maximum  current  used  by  the  customer,  and  this  reading, 
in  conjunction  with  the  reading  of  a  regular  watt-hour 
meter,  can  be  used  in  determining  the  charge  to  be  made, 
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■BTALLATION  AND  OPKUATIOX  OF   KECOUDING 

METERS, 
Iflll.  When  an  electric  light  or  power  company  supplies 
r  to  a  consumer,  they  wish  to  know  the  total  amount 
tenergy  supplied  during  a  given  time,  say  1  month,  rather 
1  the  amount  of  power  that  the  customer  is  using  at  any 
particular  lime,  just  as  a  gas  company  wishes  to  know  the 
total  number  of  cubic  feet  of  gas  used  during  the  month 
rather  than  the  number  of  cubic  feet  used  by  the  customer 
;  different  times  during  the  month.  In  order  to  get  at 
recording  wattmeters  or  ampere-hour  meters  are 
istalled.  The  former  read  in  watt-hours  and  the  latter  in 
ampere-hours.  A  recording  wattmeter  records  wait-hours 
and  not  watts,  giving  the  product  of  the  average  number  of 
watts  used  by  the  time  during  which   it  was  used.      For 

Iimple,  one  day  the  customer's  motors  or  lights  might  take 
100  watts  for  10  hours  (30,001)  watt-hours),  and  the  next 
y  only  1,000  watts  for  3  hours  (3.000  watt-hours),  and  so 
,  The  recording  wattmeter,  or,  more  properly,  the  watl- 
ar  meter,  averages  up  all  these  values,  and  by  taking  the 
iding  at  the  end  of  the  month  and  subtracting  the  previous 
reading,  the  watt-hours  of  electrical  energy  used  during 
the  month  may  be  obtained,  One  kilowatt-hour  is  equal 
to  1,000  watt-hours,  and  since  1  horsepower  is  equal  to 
740  watts,  1  kilowatt-hour  equals  ^j'^  horsepower-hours. 
One  kilowatt-hour  is,  therefore,  equivalent  to  about  IJ  horse- 
power expended  for  1  hour. 

lis.    As  stated  above,   some  meters,  especially  those  of 
i  older  types,    record  ampere-hours.      It   is  evident  that 

wre-hours  are  not  a  true  measure  of  the  work  done, 
E  no  account  is  taken  of  the  voltage.  If  the  voltage 
I  be  assumed  to  be  constant,  a  fairly  close  estimate  of  the 
rtt-hours  may  be  obtained  by  multiplying  the  ampere- 
irs  by  the  voltage.  In  what  follows,  we  will  confine  our 
jienlion  to   the  Thomson   recording  wattmeter,    as  this  is 

1  more  extensively  than  any  other  one  type. 
J.    II.— 29 
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113.  InBlnlltttlan  of  Mwters. — Directions  arc  sent  out 
with  each  particular  tyjK;  o£  meter,  giving  points  to  be 
observed  in  setting  up  and  connecting.  See  that  the  meter 
is  leveled  prnpcriy,  that  the  shaft  turns  freely,  and  that  the 
commutator  and  brushes  are  in  good  condition.  Be  sure 
that  it  is  placed  in  a  position  where  it  will  not  be  subjected 
to  vibration,  as  this  is  very  liable  to  injure  the  jewel  and 
pivot.  Mount  the  meter  on  a  brick  wall,  if  possible,  and 
do  not  place  it  near  where  a  door  is  being  continually  opened 
and  shut.  Also  place  it  where  it  will  not  be  exposed  to 
dampness,  an  unusual  amount  of  dust,  or  chemical  fumes  of 
any  kind. 

114,  Testing  Meters. — Recording  wattmeters  should 
be  checked  up  with  a  standard  direct-reading  meter  occa- 
Bionally  to  see  if  they  record  correctly.  In  order  to  do  this, 
the  meter  is  set  to  work  on  a  load  of  lamps,  or  other  con- 
venient resistance,  the  standard  direct -reading  wattmeter 
being  connected  as  shown  in  either   Fig,  4?  or  Fig.  48.     A 


I 


chalk  murk  is  made  on  the  meter  disk,  so  that  the  revolu- 
tions may  be  easily  counted,  and  the  revolutions  are  taken  for 
40  to  fiO  seconds,  the  observer  using  a  stop  watch.  Another 
observer  reads  the  standard  instrument,  and  the  load  is  kept 
as  nearly  constant  as  i>ossible  throughout  the  test.  The  meter 
watts  may  then  be  calculated  from  the  following  formula : 
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Mfttr  walls : 


N  X  /Cx  3,r.n() 


(30.) 


I"  where 

A'  =  number  of  revolutions  in  T  seconds ; 

7'=  time  in  seconds  of  R  revolutions; 

A'=  constant  of  meter  (this  is  marked  on  the  meter  dial). 

The  actual  watts  are  obtained  from  the  standard  meter, 
Ihencc  the  percentage  by  which  the  meter  is  correct  is  found 
Iiby  dividing  the  watts  as  given  by  formula  30  by  the  watts 
I  as  given  by  the  standard  meter. 


Example.— The  disk  of  a  l()-ami>urf,  l(K)-v.ili  -I'lvimsoii  meter  makes 
h  10  revolutions  in  IH)  secimds.  The  average  staodnnl  waits  as  iiidii-uled 
I  by  the  standard  mclcr  are  303.  Find  the  percentage  errur  of  the 
I  ncording  meter.     The  constant  of  the  meter  is  ). 

Solution. — From  formula  SO,  we  have 


Mclcr 


_  t0xiX3,l»00_ 


The  meter  is,  therefore.  1  per  cent,  ton  slow,  and  the  damping 
Emagneta  should  bv  shifted  in  a  little  so  that  the  retarding;  action  on  the 
u  great. 


Bdiiin  will  not  be  st 


Its.     If  a  standard  wattmeter  is  not  available  for  test- 
ing purposes,  separate  ammeters  and  vitltmeters   may   be 
F'Osed  for  direct-current  work,  but  tht-y  are  not  as  convenient. 
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In  Figs.  47  and  48,  it  will  be  noticed  that  the  energy  con- 
sumed in  the  potential  circuit  of  either  meter  is  not  meas- 
ured by  the  other;  that  is,  the  current  in  the  armature  of 
the  Thomson  meter  does  not  pass  through  the  fields  of  the 
Standard  meter;  neither  does  the  current  in  the  shunt  of  the 
standard  pass  through  the  field  coils  of  the  Thomson  meter. 

116.  To  test  a  meter  used  on  a  three-wire  110-  to  220- 
volt  circuit  it  may  be  connected  as  shown  in  Fig.  49.  The 
potential  circuits  of  these  meters  are  wound  for  110  volts. 
The  field  coils  can,  therefore,  be  connected   in  series,  and 


I 


FlO.  49. 

the  standard  meter  connected  in  as  shown  in  Fig.  49.  In 
formula  30,  however,  K  should  only  be  taken  as  one-lialf 

the  constant  marked  on  the  dial.  Aside  from  this,  the 
meter  can  be  tested  in  the  same  manner  as  a  two-wire 
meter. 

117.  Cleanina:  Motors. ^The  first  thing  to  be  done  in 
cleaning  meters  is  to  blow  out  the  dust.  A  small  syringe  is 
useful  for  this  purpose.  Parts  that  can  be  reached  should 
be  wiped  out  with  a  cotton  cloth.  Clean  the  top  bearing 
and  worm-gear,  but  do  not  oil  them,  as  the  oil  is  liable  to 
find  its  way  on  to  the  commutator.  If  the  train  of  the 
counter  is  stiff,  give  it  a  bath  in  gasoline.  Next  see  that 
the   brushes   present  a  clean,   flat,   smooth   surface  to  the 
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tonrmutator  A  piece  of  crocus  cloth  glued  to  n  narrow,  thin 
tick  answers  for  polishing  the  hnishes,  except  in  cases  where 
frooves  are  worn  in  ihem.  If  this  is  the  ease,  a  small  fine- 
p-ained  file  may  be  used  before  polishing.  After  the  brushes 
B  put  in  proper  shape,  the  commutator  should  be  polished 
1  a  narrow  strip  of  cotton  tape,  or,  if  necessary,  a  worn 
p  of  crocus  cloth.  To  use  the  crocus  cloth  or  tape,  pass 
it  around  the  commutator,  cross  the  ends  in  front  to  prevent 
catching  the  brushes,  then  pull  the  strip  back  and  forth,  at 
the  same  time  twirling  the  rotating  part.  The  spaces 
Elwtween  the  commutator  segments  can  be  cleaned  out  with 
■  stick  whittled  to  a  thin,  flat  point. 

118.  The  jewel  and  pivot  on  the  lower  end  of  the 
^aft  should  next  be  carefully  examined.     The  jewel  can  be 

ssted  with  a  fine-pointed  needle,  and  if  found  rough  or 
icratched,  it  should  be  replaced  by  a  new  one.  The  shaft 
md  or  pivot  may  be  removed  with  a  special  tool  provided 
Ror  the  purpose,  screwed  into  the  end  of  an  old  shaft,  and 
aiy  roughness  detected  by  rubbing  it  over  the  finger  nail. 
Bf  found  rough,  a  new  shaft  end  should  be  put  in.     A  drop 

f  good  clock  oil  may  be  put  on  the  jewel,  except  when  the 
pietcr  is  in  a  dusty  place.     Sometimes  the  armature  circuits 

f  meters  become  broken,  in  which  case  the  meter  will  not 
H>me  up  to  speed  even  with  the  magnets  swung  in  as  far  as 
Ihey  will  go.     Again,  if  the  meter  cannot  be  brought  down 

>  the  proper  speed,  the  magnets  may  be  too  weak  or  there 

lay  be  a  short  circuit  in  the  resistance  in  the  back  of  the 
meter,  thus  letting  too  much  current  through  the  armature. 


110.  Beading  Meters. — Reading  meters  is  considered 
I  difficult  task  by  many,  but  once  the  dials  are  thoroughly 
inderstood  there  should  be  no  trouble  in  reading  correctly. 
Jfhe  dials  on  a  recording  wattmeter  bear  a  considerable 
Resemblance  to  those  on  a  gas  meter.  The  arrangement 
^Ifers  somewhat  with  different  makes,  but  if  one  is  able  to 
the   Thomson  meter  correctly,  there  should  be  little 

fficuky  with  the  others. 
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120.     The  Thomson  meter  has  five  dials.     The  lowest 

»ding  pointer  is  the  one  to  the  extreme  right  (facing  the 

Ipeter);  it  is  marked  1,000,  and  this  moans  that  one  coin- 

'pletc  rez'olution  of  the  hand  indicates  1,000  watt-hours,  and 

ich  division,  therefore,  represents   1110  watt-hours.      The 

text  one  to  the  left  is  10,000  to  a  revolution,  or  1,000  for  a 

Hivision,  and  so  on.      Fig.  50  shows  six  different  readings, 

"and  by  studying  these,  the  student  should  be  able  to  take 

readings  from  any  meter.     Some  of  these  figures  have  the 

bands  in  positions  that  are  liable  to  puzzle  the  beginner. 

Beginning  at  the  left,  number  the  pointers  1,  2,  3,  4,  andJ5. 

n.  in  /,  Fig,  50,  pointer   5  is  on  5  and  is  read  "300." 

"ointer  4  is  two-tenths  of  the  way  between  8  and  0  and  is 

ad   "S.OOO."     Pointer  3  is  read  "10,000."'     Pointer  2  has 

gone    through    its   first   division;    likewise    pointer   1. 

e  statement  of  the  meter   is   then  18,20(1,  and   is  to  be 

lultiplied  by  the  eonstant  of  the  meter  to  reduce  to  watt- 


!  The  statement  of  //is  5,718,900  (not  6,719,900,  as  it  fre- 
1  would  be  read).  Pointer  4  should  not  be  read  "9" 
jntil  pointer  5  has  completed  its  revolution  and  is  again 
it  0. 

[  The  statement  of  ///is  99,800  (not  109.800),  because  the 
H),000  mark  will  not  be  reached  until  pointer  5  has  passed 
■om  8  to  0,  when  4  and  3  will  be  at  0,  pointer  2  at  /,  and 
(ointcr  1  just  past  the  zero  mark. 

The  statement  of  IV  is  tt,«9O,S0O.  Pointer  I  is  slightly 
displaced.  Otherwise,  the  reasons  given  above  will  apply 
[>  this  statement. 

\  The  statement  of  (-'13  8,019,900.  Pointer  2  is  misplaced ; 
|or  it  should  be  two-tenths  of  the  way  between  6  and  7 
istead  of  nearly  over  ff,  as  shown. 

e  statement  of   F/ is  836,200  (not  834.200).     Pointer  4 

1  misplaced.     It  should   be  about   the   same   distance  on 

e  other  side  of  J.     These  misplaced  hands  are  frequently 

;  with  in  practice  and  are  generally  caused  by  a  knock 

removing    the    cover,    or,    perhaps,    they    are    a    little 

;Otric. 
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J21.  Rule. — To  ascertain  the  number  of  watt-hours  that 
ave  been  used  by  a  consumer  from  one  date  to  atuilher,  sub- 
tract the  earlier  statement  from  the  latter  and  multiply  by 
the  constant  of  the  meter. 

Sometimes  no  constant  is  marked  on  the  meter,  in  which 
case  the  reading  as  taken  from  the  diat  is  watt-hoiirs,  or,  in 
other  words,  the  constant  is  1. 

ExAMPLR. — Suppose  the  statements  as  given  by  Fig.  50  were  taki-n 
at  the  fuUowing  dates  : 

Statement  January  30  (f)  =8,619,900. 
Statement  February  28  (IV)  =  9,990,800. 
Statement  March  31  (/)    =       18,300. 

The  constant  of  the  meter  ia  supposed  to  be  \, 

Solution.— The  watt-hours  BUpplied  between  January  30  and  Feb- 
ruary 28  =  (9,900,800  -  8.819,800)  X  J  =  635,450.  Some  prefer  H.  first 
multiply  each  readin);  by  Che  constant  and  then  subtract  as  follows  : 
\  X  9,900,800  -  ix  8,S10.900  =  685,450. 

The  watt-hours  supplied  between  February  28  and  March  31  are 
obtained  as  follows:  It  will  be  noticed  that  10,000,000  is  the  highest 
reading  of  the  meter  and  that  between  the  two  above  dates  tht  meter 

i  run  up  to  its  hifrhest  point  and  has  registered  19,21)0  anew.  The 
watt-hours  will  therefi>rc  be 


(10,000,000  -  8.090,800)  X  i  - 


18,a 


<  i  =  13.700.     Ans. 


] 
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LINE  CONSTRUCTION. 
1,    Unr  construction  may  be  considered  conveniently 
4tncler   two   heads:     (a)  overhead  construction;    {b)    under- 
Xround  construction. 

For  nearly  all  work  in  towns  and  small  cities  or  for  cross- 

»untry  work,  the  lines  are  supported  on  poles.     In  cities, 

Ftbe  ci\rrent  is  now  usually  distributed,  at  least  so  far  as  the 

1  central  part  of  the  cities  is  concerned,  by  means  of  wires  or 

p cables  run  in  underground  tubes  or  ducts.     This  method  is, 

of  course,  much  more  expensive  than  the  overhead  method; 

but    the    large    increase    in  the    number    of  wires    used  for 

different  electrical  purposes  has  rendered  underground  dis- 

I  tribution  in  cities  almost  absolutely  necessary. 


OVERIIKAD    CONSTIll'CTIOISr. 


%,     Selection  of  Polos.— The  poles  used  to  the  greatest 

SXtent  in  this  country  are  of   the  following  kinds  of  wood; 

!  cedar.    Norway    pine,   chestnut,   and   cypress.       The 

Bver&g^e  lives  of  these,  under  average  conditions,  are  placed 

^  good  authority  al  the  following  values: 


I 
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Norway  pine (J  years, 

Clieetnut 15  years. 

Cypress 13  years. 

While  cedar 10  years. 

Cedar  poles  are  undoubtedly  used  to  the  greatest  extent. 

Considering  their  strength,  they  are  light  in  weight,  and, 
by  some  authorities,  are  considered  the  most  durable,  when 
set  in  the  ground,  of  any  American  wood  snitabte  for  pole 
purposes. 

3.  Sizes  of  Poles. — The  best  lines  in  this  country  use 
no  poles  having  tops  less  than  29  inches  in  circumference. 
If  the  poles  taper  at  the  usual  rate,  the  specification  that  a 
pole  shall  have  atop  23  inches  in  circumference,  or  approxi- 
mately 7  inches  in  diameter,  is  usually  sufficient,  for  the 
diameter  at  the  butt  will  then  be  approximately  correct,  no 
matter  what  may  be  the  length  of  the  pole. 

4.  Where  a  pole  line  is  to  carry  but  few  wires,  it  is  unnec- 
essary to  make  the  poles  so  heavy,  and  in  many  cases  poles 
with  a  fi-inch  top  will  answer  every  purpose.  In  determi- 
ning the  height  of  poles,  several  considerations  must  be 
borne  in  mind.  The  number  of  wires  to  be  carried,  and 
therefore  the  number  of  cross-arms,  determines  to  some 
extent  the  general  height  of  the  pole  to  be  used. 

6.  Spacinp:  of  Poles. — ^Practice  varies  as  to  the  spacing 
of  poles.  Of  course,  the  number  and  sizes  of  the  wires  to 
be  carried  is  the  most  important  consideration  in  determi- 
ning this  point,  but  the  climatic  conditions,  especially  with 
regard  to  heavy  wind  and  sleet  storms,  should  also  be 
considered.  In  general,  it  may  be  said  that  the  best  lines 
carrying  a  moderate  number  of  wires  use  40  poles  to  the 
mile,  while  for  exceptionally  heavy  lines,  the  use  of  S3  poles 
to  the  mile,  or  one  pole  every  hundred  feet,  is  not  uncommon 
practice.  As  a  general  rule,  which  it  is  safe  to  follow  in 
the  majority  of  cases  .S5  or  40  poles  to  the  mile  should  be 
used.  For  city  work,  the  poles  should  be  set  on  an  average 
not  farther  apart  than  125  feet. 
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6,     The   cross-arms   should   in-   niiuir   »t    we  11  ■seasoned, 
straight -grained,   Norway   pine,   yelluw   pine,   or,  creosoted 


llite  pine.  Cross-arms  are  made  in  standard  sizes,  the 
length  of  the  arm  impending  on  the  number  of  pins 
it  is  intended  to  hold.  The  standard  cross-arm  is 
."it  X  4}  inches,  and  varies  in  length  usually  from  3  to 
S  feet.  They  are  usually  hored  for  IJ-inch  pins  and 
provided  with  holes  for  two  j-inch  bolts.  The  arms 
are  generally  braced  by  flat,  iron  braces,  about 
IJ  inches  wide  by  J  to  3  inch  thick.  These  braces 
are  shown  in  Fig.  I,  which  gives  a  view  of  an  ordi- 
f  pole  top  provided  with  two  4-pin  cross-arms. 


The  pins  by  which  insulators  arc  mounted 
1  cross-arms  are  shown  in  Fig.  3.  They  may  he 
ide  of  locust,  chestnut,  or  oak  (the  woods  being 
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preferred  in  the  order  named),  and  are  turned  with  a  coarse 
thread  on  the  end  on  which  the  insulator  is  to  be  secured. 
The  shank  A'  is  turned  1  J-  inches  in  diameter. 

The  pin  should  be  secured  in  the  hole  by  driving  a  nail 
through  the  arm  and  the  shank  of  the  pin.  This  renders  it 
difficult  to  extract  the  shank  of  the  pin  in  case  a  new  one  is 
required ;  but,  on  the  other  hand,  it  prevents  the  pin  pulling 
out,  which  sometimes  occurs  when  this  precaution  is  not 
taken.  For  heavy  lines,  pins  are  used  that  have  an  iron 
bolt  passing  through  them.  Fig.  3  shows  a  pin  for  this 
kind  designed  by  F.  Locke,  with  a  heavy  insulator  for 
carrying  a  cable  in  the  groove  a. 


INSITLATOIW. 

8.  Tnsnlators  in  this  country  are  usually  made  of  glass, 
while  in  Europe  porcelain  is  more  commonly  used.  Porcelain, 
when  new,  is  a  better  insulator 
thanglass;  but  it  is  more  costly, 
and  under  the  action  of  cold  the 
trla^.i-d  surface  becomes rrarkcd. 
■  i- Ji'B  \Vlii-n  tliisbapjicns,  thenioisture 

i     «  soaks  into  the  interior  structure, 

/  .  Wk  and    its    insuJatinj;    quality    is 

f""^^^  K'''^''tly      impaired.      Tests     re- 

rmll^  sr     cf-ntly   made  have    shown    that 

when  newly  put  up,  the  insula- 
-"-i  tion  resistance  of  porcelain  insu- 
"^  lators  is  from  4  t"  S  times  belter 
than  (,^lass,  but  that  alonji  rail- 
roads and  in  cilies  smoke  forms  a 
thin  film  upimcach  material,  so 
that  at  the  end  of  a  few  months 
are  nearly  alike.  On  country 
tracks,  the  pi>rcelain  insiilators 
m  than  the  j;lass  during  rain 
I  isiii.tsohijrh.     Porcelain  has  an 
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.mage  over  glass  in  that  it  is  not  so  brittle,  and,  there- 
fore, less  likely  to  break  when  subjected  to  mechanical 
shocks.  Porcelain  does  not  condense  and  retain  on  its  sur- 
face a  thin  film  of  moisture  so  readily  as  glass,  i.  e.,  it  is 
less  hygroscopic,  On  the  other  hand,  however,  glass  insu- 
lators arc  not  subject  to  such  an  extent  as  porcelain  to  the 
formation  of  cociwns  and  cobwebs  under  them,  the  transpar- 
ency of  the  glass  serving  to  allow  sufficient  light  to  pass 
through  the  insulator  to  render  it  an  undesirable  abode  for 
spiders  and  worms.  As  cocoons,  cobwebs,  etc.  serve  to 
lower  the  insulation  of  the  line  to  a  great  extent,  this  is  an 
advantage  that,  in  this  country,  it  is  not  well  to  overlook. 

9.  Types  of  Insulators.  —  For  ordinary  work  with 
moderate  pressures,  glass  insulators  are  used.  The  style  of 
insulator  will  depend  to  some  extent  on  the  size  of  wire 
to  be  supported.  Most  power-transmission  lines  are  of 
weather-proof  wire  or  cable;  wires  smaller  than  No.  6  or  8 
B.  Sc  S.  are  seldom  put  up,  hence  the  glass  insulators,  as  a 


nile,  must  be  heavier  than  the  kind  used  for  telegraph  or 
telephone  work.  Fig.  4  shows  an  insulator,  known  as  the 
D,  G.  (deep  groove),  that  is  well  adapted  for  ordinary  lines. 
S  insulator  is  so  called  to  distinguish  it  from  those  with 
kr  grooves,  such  as  are  used  for  telephone  or  telegraph 
E'fc.  It  is  provided  with  two  petticoats,  or  flanges,  a.  6 
r  which  leakage  must  take   place  before  the  current  can 
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gie 


leak   from   thi 
petticoats 
high  insuli 
provided  with 


to  the  pin.     The  use  of  a  number  of 

the   leakage  distance   and   provides   a 

Insulators  used  on  high-tension  lines  are 

number  of  such  petticoats.     When   heavy 


cables  are  used,  it  is  customary  to  carry  them  on  especially 
heavy  insulators  and  to  tie  down  the  cable  on  top  of  the 
insulator  instead  of  tying  it  to  the  side.  Fig.  3  shows  a 
common  type  of  such  insulator.  The  cable  rests  in  the 
groove  ii  and  is  held  in  place  by  a  tie-wire  twisted  around 
the  cable  and  passing  under  the  ears  at  />,  c.  Good  quality 
glass  insulators,  such  as  those  just  described,  may  be  used 
for  any  lines  where  the  potential  is  not  over  i,000  or  3,000 
volts,  For  higher  pressures  on  transmission  lines,  it  is  better 
to  use  a  larger  insulator  giving  a  higher  degree  of  insulation. 


I 


Fig.  5  shows  a  Locke  insidator  of  glass  that  is  suitable  for 
any  pressure  up  to  5,000  volts.  This  insulator  is  4J  inches 
in  diameter,  and  it  will  be  noted  is  provided  with  three 
petticoats,  thus  giving  a  limg  leakage  distance  from  the 
wire  to  the  pin.  Fig.  (i  shows  a  still  larger  insulator;  this 
one  is  suitable  for  pressures  up  to  25,000  volts  and  is 
b\  inches  in  diameter.  For  high  pressures,  porcelain  insu- 
lators have  been  largely  used;  as  yet  there  does  not  seem  to 
be  any  settled  opinion  as  to  just  which  is  the  better,  glass  or 
porcelain,  for  this  kind  of  work.  Fig.  7  shows  a  type  of 
porcelain  insulator  that  is  used  extensively  in  connection 
with  the  Niagara  transmission  plant.  These  insulators  are 
elliptical,  or  "  helmet,"  shaped  and  have  an  eave,  or  ridge,  a 
on  each  side.  The  object  of  these  ridges  is  to  run  off  the 
water  to  the  end  of  the  insulator,  where  it  will  drop  clear  of 


\is 
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r  cross-arm.      These  extra  iargi;  insulators  are  only  nec- 
essary for  the  high-tension  lines,   and  by  far  the  greater 
of  electric-light    lines   are  carried  on  ordinary  glass 
insulators  of  the  type  shown  in  Figs.  3  or  i. 


TYINO  ADD  SPUCING. 

lO.     Tj-IniLt. — Fig.  8  shows  the  method  nf  tying  that  i 

L commonly   used.     The 

i-wire    a    is    usually 

om  13  to  10  inches  in 

Ijength   and  should   be 

liiisulated   to  the  same 

(extent  as  the  wire  to  be 

The  line  wire  is 

laid  in  the  groove  of  the 

iilator,    after  which 

lie  two  ends  (if  the  tie- 

e,  which  have  been 

sed  halfway  around 

insulator,    are  ■  ■     -' 

vrapped  tightly  around  the  wire.    Some  linemen  advocate  the 

^lan  of  starting  to  wrap  one  end  of  the  tie-wire  over  and  the 

■'I'T  end  under  the  line  wire. 

'.I  shows  a  method  of  tying 

!     is    used    where  the    wire 

■  •n  top  of  the  insulator, 

1  I.  HpllcluK.— The  Amer- 
Hi  wire  joint  shown  in 
Fig.  10  is  generally  used  where 
splices  must  be  made.  The 
IviKa  are  placed  side  by  side  and  each  end  wound  around  the 
Kber.  All  joints  should  be  soldered.  The  rules  of  the 
bfational  Board  nf  Fire  Underwriters  require  that  all  line 
oints  shall  be  mechanically  and  electrically  perfect  before 
jeing  soldered ;  i.  e.,    solder   should  not  be  depended  unto 
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make  the  joints  strong  mechanically  or  efficient  as  an  elec- 
trical conductor.  In  other  words,  soldering  should  always 
be  done  simply  as  a  safeguard  against  any  diminutioo  in 


the  electrical  conductivity  of  the  joint.  Large  cables  are 
joined  either  by  weaving  the  strands  together  and  soldering 
or  by  using  a  copper  sleeve  into  which  the  ends  of  the  cable 
are  fastened. 


ITPfDERGROUND    CONBTKUCTIOW. 

13.  In  cities,  it  is  necessary  to  place  the  wires  under- 
ground, especially  in  the  business  districts.  The  tiest  way 
to  do  this  is  to  provide  a  regular  tunnel,  or  Mubvmy,  in 
which  the  various  wires,  or  cables,  can  be  placed  and  which 
will  be  large  enough  to  allow  a  man  to  walk  through  for 
fnspectiun  <jr  repair.  This  method  is,  however,  very  expen- 
sive and  can  only  be  used  in  a  few  very  large  cities.  Another 
method  is  to  use  conduits  through  which  to  run  the  cables. 
These  conduits  usually  consist  of  tubes  of  some  kind  that 
are  buried  in  the  ground  and  thus  provide  ducts  into  which 
the  cables  may  be  drawn.  These  ducts  terminate  in  man- 
holes, usually  placed  at  street  intersections,  by  which  access 
may  be  had  to  the  cables  and  from  which  they  may  be 
drawn  into  or  out  of  the  ducts.  A  third  method,  and  one 
that  has  been  largely  used  in  cities  for  distributing  current 
for  lighting  purposes,  is  to  bury  tubes  containing  insulated 
conductors  in  the  ground.  In  this  system  the  conductors 
cannot  be  withdrawn,  as  in  the  conduit  system,  and  there  is 
a  separate  tube  for  each  set  of  conductors.  The  Edison 
tube  system  belongs  to  this  variety,  and  a  very  large  amount 
of  lighting  on  the  three-wire  system  has  been  carried  out  by 
using  underground  conductors  of  this  kind. 
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CONDUITS. 

13.    A  large  variety  of  conduits  are  in  use,  and  it  has 

lot   been  definitely  settled  as  yet   just  which  type  is   the 

;  but  the  following  will  serve  to  give  an  idea  as  to  some 

;  the    more  common  forms  that   have    stood  the  test    of 

LCtual  work  and  are  in  extended  use. 


14.     Creoso ted- Wood   Coudult.  —  A    form    of    conduit 
p-gely  used,  and  which  has  the  advantage  of  being  very 
^eap  to  install,   is  one  that  is 
"tomposed  of  sections  of  wooden 
tubing,    the   fiber   of   the   wood   , 
being  impregnated  with  creosote, 
in    order    to    prevent    its  decay. 
This  form   of    conduit    is   com-  fcc,  n. 

monly  known  as  piimp-lotjr  cimdiilt,  un  account  of  the 
^resemblance  of  the  wooden  sectL<ms  to  the  ordinai'y  form  of 
Irooden  pump  logs.  A  section  of  this  conduit  is  shown  in 
I;  the  ends  are  doweled  in  order  to  preserve  the 
>roper  alinement  in  joining.  These  sections  are  usually 
■  feet  in  length,  and  have  circular  holes  through  their 
ienters  from  H  to  3  inches  in  diameter,  according  to  the 
ize  of  cable  to  be  drawn  in.  The  external  cross-section  is 
iquare  and  4^  inches  on  the  side,  in  the  case  of  a  tube  hav- 
l  a  3-inch  interna!  diameter.  Such  a  conduit  as  this,  if 
iropcrly  impregnated  with  creosote,  will  probably  have  a 
B  of  from  15  to  20  years,  and  perhaps  much  longer,  this 
Joint  being  one  concerning  which  there  is  considerable 
^gument  and  which,  probably,  time  alone  will  decide.  In 
ases,  difficulty  has  been  experienced  with  creosoted- 
food  conduits  on  account  of  the  creosote  attacking  the 
iad  covering  of  the  cables, 

Ifi,  Cement-Unod  I*ipe  Condtilt. — This  conduit,  made 
r  the  National  Conduit  and  Cable  Company,  is  now  largely 
Kd  for  underground  wires.     The  sections  shown  in  Fig.  12 

r  usually  8  feet  long  and  are  made  as  follows:  A  tube  is 
Mde  of  thin  wrought  iron.  No,  36  B.  W.  G.,  .018  inch  thick 
J.    Il.-~di 
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-  htU  br  rnwU  3  imJics  apart.  Tbc  lube  is 
tlK«  Kned  with  »  wjM  of  RtMcodale  cemtmt  )  inch  thick,  the 
HMer  imriMw  of  wkkk  »  poliHbcd  while  drying,  so  as  to 
fan*  a  paiectSj  — nnlh  tnbe.  Th»  luting  comes  in  three 
aUKm.KmA  kanac  a  feocth  of  e  frtrt  and  inirmaliJiitmctenor 




"~1 

y 

t,  1\.  and  3  inchr*.  the  latter  bring  the  standard  size.  Eacll 
end  is  provided  »'ith  a  cast-iron,  beveled  socket  ji)inl,  by 
the  use  of  which  perfect  alinement  may  be  obtained  by 
merely  butting  the  ends  together.  These  beveled  socket 
joints  als"*  allow  of  slight  bends  being  made  in  the  line  of 
conduit  as  it  is  being  laid. 

10.  Vltrl  fled -Clay  or  Term-Cotta  Conduit. — A  form 
of  conduit  that  is  i)njhably  used  in  g<H>d  construction  work 
to  a  greater  extent  than  any  other  is  made  of  vitrified  clay. 
This  material  has  the  advantage  of  being  absolutely  pr<X)f 
against  all  chemical  action,  and  unless  destroyed  by  mechani- 
cal means  will  last  for  ages.  Besides  this,  its  insulating 
properties  are  high  and  it  is  comparatively  cheap  and 
easily  laid. 

When  clay  conduits  were  first  used,  it  was  customary  to 
form  various  sections  with  two  or  more  ducts,  one  of  the 


ELECTRIC  TRANSMISSION. 


form  being  the 

which  are  shown  in  cr 

made  with   3,    3,   4,   U,    and    9 

ducts,    all    in    8-foot    lengths. 

1  another  form,  each  section 

lad  i  ducts  only,  thest:  ducts 

^ing  large  enough  to  accom- 

■date  several  cables.     In  this 

:ver,  much  trouble 

:  been  experienced,  due   to 

fact    that   when    several 

gables  are  laid  in  a  single  duct, 

t  often  becomes  impossible  to 

'  them,  owing  to  the 

C  that  they  arc  much  more 

lely  to  become  wedged  than 

I  the  forms  where  one  cable 

mly   occupies   a  single   duct. 

:  is  not  good  practice  to  put 

tore    than    one    cable    in    the 

e  duct. 


[,  17.  The  form  of  clay  conduits  now  most  commonly  used 
I  shown  in  Fig,  14,  this  being  usually  made  in  18-inch 
lengths,  having  an  inter- 
nal diameter  of  from  3 
to  3^  inches  and  being 
45  inches  square  outside. 
This  duct  has  a  great 
advantage  over  the  mul- 
tiple-duct sections  in  the 
greater  ease  of  handling 
and  also  in  the  fact  that 


much    lef 


liable 


'''°-  '*■  to    become    warped     or 

)ke<I  in  the  process  of  burning  during  its  manufacture 

1  the   larger  and    more  complicated   forms.       Like    the 

uent-lined  pipe,  it  is  laid  on  a  bed  of  concrete,  cemented 


i 
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together  with  mortar,  and  enclosed  on  all  sides  and  on  top 
by  concrete.  In  laying,  a  wtwdcn  mandrel,  such  as  is 
shown  in  Fig.  15,  'd  inches  in  diameter  and  about  30  inches 
in  length,  is  used.  At  one  end  is  provided  an  eye  a,  which 
may  be  engaged  by  a  hook,  in  order  to  draw  it  through  the 


conduit,  while  at  the  oihtr  end  is  secured  a  rubber  gasket  d 
having  a  diameter  slightly  larger  than  that  of  the  interior 
of  the  duct.  One  of  these  mandrels  is  placed  in  each  duct 
when  the  work  of  laying  is  begun.     As  the  work  progresses, 


the  mandrel  is  drawn  along  through  the  duct  by  the  work- 
men, by  means  of  an  iron  hook  at  the  end  of  a  rod  about 
3  feet  long,  the  method  of  doing  this  being  shown  in  Fig.  16. 
By  this  means,  the  formation  of  .shoulders  on  the  inner  walls 
of  the  ducts  at  the  joints  is  prevented,  and  any  dirt  that 
may   have   dropped   into  the   duct  is  also  removed.     The 
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cylindrical  part  of  the  mandrel  insures  good  alineraent  o( 
the  ducts,  thus  securiog  a  perfect  tube  from  manhole  to 
manhole. 

18.  Fig.  IK  illustrates  the  method  of  laying  this  con- 
duit, and  shows  how  the  joints  should  be  broken  in  the 
various  layers  so  as  to  insure  a  maximum  lateral  strength 
to  the  structure. 

All  conduits  should  be  laid  to  such  grades  that  there  will 
be  no  low  points  or  traps  in  the  conduit  that  will  not  drain 
into  the  manholes. 


MANHOLES. 

19.  Uaiibol(!S  form  a  very  important  part  in  cable  sys- 
tems and  require  careful  designing  to  properly  adapt  them 
to  the  particular  conditions  to  be  met.  They  are  usually 
placed  about  4(11)  feet  apart,  and  if  possible,  at  the  inter- 
section of  streets.  They  should  be  located  with  a  view  to 
making  the  line  of  conduit  between  them  as  nearly  straight 
as  possible.  The  size  of  the  manhole  will  depend  on  the 
number  of  ducts  that  are  to  be  led  to  it,  as  well  as  the  num- 
ber of  men  that  will  be  required  to  work  in  it  at  one  time. 
Manholes  C  feet  square  and  from  5  to  S  feet  high  will  usu- 
ally be  required  for  large  systems,  while  for  smaller  systems, 
or  the  outlying  po'  tions  of  large  ones,  they  may  be  made  as 
small  as  4  feet  in  length,  in  the  direction  of  the  conduit, 
3  feet  wide  and  3  or  4  feet  high. 

20.  Manholes  may  be  constructed  of  either  cement  or 
hard-burned  brick  laid  in  Portland-cement  mortar,  the 
latter,  probably,  being  preferable.  The  foundation  should 
consist  of  a  layer  of  cement,  the  concrete  being  at  least 
6  inches  thick.  The  walls,  if  of  brick,  should  be  laid  in 
cement  mortar,  and  should,  also,  be  thoroughly  plastered 

\  on  the  outside  with  the  same  mortar.  They  should  never 
j  be  less  than  iS  inches  thick,  and  should  be  made  double  this 
I  thickness  where  large  manholes  are  being  constructed  in 
I  busy  streets.     As  the  brickwork  is  laid  up,  the  iron  brackets 


i 


in.     The  root  shoold  be  of  ettber  arched  tirick  or  structunl 


inm,  siii(jwirtinK  w.me  form  of  cast-iron  manhole  cover,  of 
ll  tlicre  arc  suveral  types  on  the  market. 
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'41.     Fig.  17  shows  a  cross-section  of  a  ventilated  man- 
hole well  suited  for  ordinary  power-distribution  work.     It 
■Itas  been  found  better,  on  the  whole,  to  provide  manholes 


yith  ventilated  covers  and  good  sewer  connections  than  to 
dose  them  up  tight,  as  was  formerly  done.  If  they  are 
y  sealed,  gases  are  liable   tn   accumulate   and   cause 
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exj)l"sioris.  In  Fijf.  17,  the  manhole  is  provided  with  tw-i 
Sfwcr  connections,  so  that  in  cast  the  Ijoltum  one  gets 
clogged  up,  the  water  will  be  able  to  flow  through  the  side 
connection  instead  of  backing  up  into  the  iliicts.  Both 
connections  are  provided  with  traps  to  keep  out  the  sewer 
gas  and  the  bottom  connection  is  equipped  with  a  back- 
vater  valve  to  keep  water  from  backing  into  the  manhole. 
L  removahlp  cover  is  provided  at  the  back-water  valve, 
i.o  thi  t  that  accumulates  may  be  cleaned  out. 

:  itiui   of    the   manhole    is   made   by    laying   3' x  3' 

W  ross  the  top  and  filling  between  them  with  brick, 

w  oeing  covered  with  a  layer  of  cement.     The  man- 

'cr  may  be  either  round  or  rectangular.     Fig.  18 

rectangular  manhole  head  with  ventilated  cover. 

"s  a   manhole  with  a  water-tight  inner  cover  fi, 

led  down  by  fhc  screw  r  and  cross- 

^  t  -iKhl   by  the  gasket  g 


IdBTRinyTIO!*  FROM  MANItOI.BS, 

i  1313.  As  stated  before,  where  the  conduit  system  of 
underground  distribution  is  used,  the  current  is  delivered 
by  means  of  lead-covered  cables  that  are  drawn  into  the 
ducts  after  the  conduit  proper  has  been  completed.  These 
cables  are  drawn  from  manhole  to  manhole  by  means  of  a 
rope  attached  to  the  end  of  the  cable.  Fig.  20  shows  one 
arrangement  for  drawing  in  cables. 

33.  Cables. — The  construction  of  the  cables  themselves 
depends  on  the  kind  of  service  to  which  they  are  to  be  put. 
Two  kinds  of  insulation  are  available — rubber  and  paper. 
With  good  rubber  insulatiim,  a  small  puncture  in  the  lead 
sheath  may  not  impair  the  insulation  for  some  time,  because 
the  rubber  is.  to  a  large  extent,  proof  against  moisture. 
On  the  other  hand,  paper  insulation  will  be  damaged  if  the 


rsi5 


ELECTRIC  TRANSMISSION. 


17 


I  \vnil  sheath  beoumts  puncturtd  so  as  to  admit  moisture. 

Paper  insulation  is,  however,  cheaper  than  rubber,  and  if 
I  the  cables  are  carefully  installed  will  give  excellent  service. 

Pig.  31  shows  a  paper-insulated  cable  designed  for  IJ,(iOO- 
I  volt,  three-phase  transmission.     The  three  conductors  are 

insulated  with  paper  wrapping  to  a   thickness  of   ^  inch. 


[  These  three  strands  are  then  twisted  together  and  covered 
\  with  a.  wrapping  of  paper  yi,  inch  thick,  over  which  the 
t  ^-inch  lead  covering  is  forced.  The  paper  is  treated  with 
I  insulating  compound  and  the  space  between  the  strands, 
[  shown  black  in  the  figure,  is  filled  with  jute  treated 
I  insulating  compound. 


A 
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24.  Connecting  Cables. — In  underground,  electric- 
power  distribution,  it  is  important  to  have  the  various  parts 
of  the  system  so  arranged  that  they  can  be  disconnected,  if 
necessary,  because  faults  are  liable  to  develop,  and  if  the 
various  sections  can  be  readily  disconnected,  it  makes  the 


l» 


location  of  the  defective  portion  very  much  easier  to  find. 
Also,  when  the  defective  part  is  located,  it  can  easily  be 
cut  out  without  interfering  with  the  operation  of  the 
remainder  of  the  system.     For  ordinary  low-pressure  work. 


]^im  0%0'^uutf 


the  various  joints  are  usually  made  by  means  of  eoupIlnK 
boxes,  or  Junction  lioxes.  These  are  placed  on  the  side 
walls  of  the  manholes  and  are  made  water-tight.  Fig.  H 
shows  a  coupling  box,  ,■(,  /?,  and  C  are  the  three  main 
cables,   or  feeders,   of  a  three-wire  system  that  are  to  be 
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lUpIed  to  the  three  cables  A',  B',  C .  The  cables  enter  the 
cast-iron  box  through  rubber  gaskets  that  are  clamped  so  as 
to  make  the  box  water-tight.  Each  cable  is  provided  with 
a  terminal  on  the  end,  and  these  terminals  are  connected 
together  by  pieces  of  copper  bar  securely  clamped  against 
the  terminals  by  the  bolts  shown  in  the  figure.  The  box  is 
provided  with  a  cover  that  is  bolted  against  a  rubber  gasket. 
This  box  is  merely  intended  for  coupling  the  ends  of  the 
cables  together  and  takes  the  place  of  permanent  joints  that 
could  not  readily  be  disconnected, 

25.  Junction  Boxes. — The  main  cables,  or  feeders, 
running  from  the  station  terminate  in  the  manholes,  and  it 
is  necessary  to  have  some  convenient  means  of  connecting 


■  them  to  the  various  branch  lines.  This  is  done  by  means  of 
f  junction  boxes.  Fig.  33  shows  a  junction  box  that  is  known 
\  SA  A /our-tvay  box,  because  it  accommodates  four  positive  and 
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foiir  negative 
pressure,    thri 


lables. 


The  bos  is  designed  for  use  on  low- 
-wire  work.  -I  and  A'  are  the  positive  and 
which  are  made  of  copper  and  are  well  insu- 
lated from  each  other.  These  bars  connect  across  to  the 
cable  terminals  through  copper  fuses  /,  so  that  in  case  a 
short  circuit  occurs  on  a  line,  these  fuses  will  blow  and  thus 
prevent  damage.  The  short  neutral  bar  shown  in  the 
bottom  of  the  box  attaches  directly  to  the  cables,  because  it 
is  not  usually  considered  necessary  or  even  desirable  to  plare 
a  fuse  in  the  neutral.  The  small  wires  /,  /  are  pressure 
wires  that  run  back  to  the  station  and  there  connect  to  volt- 
meters, so  that  the  voltage  at  the  center  of  distribution,  repre- 
sented by  the  junction  box,  may  be  determined  at  any  time. 
These  pressure  wires  are  protected  by  fuses  placed  in  the  small 
fuse  receptacles  A,  i,  b.  Each  pressure  wire  connects  to  one 
side  of  a  cut-out  /'  and  the  other  sides  connect  to  the  -f-,  — . 
and  neutral  bars.  The  cables  pass  into  the  box  through 
water-tight  rubber  gaskets  and  the  box  is  closed  by  a  water- 
tight cover.  Junction  boxes  are  made  in  a  large  variety  of 
forms  for  different  kinds  of  service. 

3fi.     Service  Boxes — When  the  |Conduit  system  of  dis- 
tribution is  used  and  where  customers  have  to  be  supplied. 


Ismail  handlioles  are  provided  wherever  distributing  points 
may  be  necessary.  These  are  much  smaller  and  shallower 
than  manholes  and  only  run  down  as  far  as  the  conduit. 


Igl« 
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•vlco  box  is  placed.      Fiji-  34  shows 
ithitacovefremoved.     .'(,  />',  and  C 


In  these  handholes  a  se 
e  style  of  service  box  ' 
are  the  main  cables 
that  run  s  tr  a  i  g  h  t 
through  the  box  with- 
out being  cut.  D,  £ 
are  the  three-wire, 
branch-service  cables, 
or  tubes,  for  supplying 
current  to  tht  build- 
ings. These  are  at- 
tached to  the  main 
cables  by  means  of 
suitable  clamps,  and 
after  the  cover  is 
bolted  in  position  the  ^"^-  '»• 

box  is  filled  with  insulating  compound.  Fig.  25  shows 
another  style  of  service  box  for  use  on  the  three-wire  system. 
In  this  four-way  box  the  main  cables  are  fastened  to  ter- 
minals instead  of  passing  straight  through.  Fig.  'i<>  shows 
3  handhole  with  its  service  box  arranged  for  delivering 
current  to  overhead  conductors.  The  main  feeders,  running 
from  manhole  to  manhole,  are  placed  in  the  lower  tiers  of 
conduits,  and  the  service  mains  that  run  b; 
manholes  are  run  in  the  upper  row,  so  that 
accessible  for  the  connection  of  servici:  boxes. 


cl[  from   the 
tSiy  will  be 


37.  JoInlnK  Cablet*. — For  low-pressure  work,  cables 
are  usually  joined  in  the  manholes  by  means  of  coupling 
boxes  or  junction  boxes.  Sometimes,  however,  joints  must 
be  made  without  the  use  of  these  boxes,  in  which  cases 
the  job  must  be  very  carefully  done. 

First,  the  soldered  end  of  the  cab!e  is  cut  off  and  the 
cable  carefully  examined  for  moisture.  If  a  little  moisture 
be  present  and  there  is  still  more  than  enough  room  for  the 
joint,  it  is  allowable  to  cut  off  another  short  length.  If 
indications  of  moisture  are  slill  present,  heat  should  be 
applied  to  the  lead  covering,  starting  from  a  distance  and 
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proceeding  along  the  cable  to  the  end.  Thus  the  moisture 
is  driven  out  at  the  cut.  When  the  use  of  torches  is  not 
allowed  on  account  of  gas  in  the  manholes,  hot  insulating 
compound,  such  as  boiling  paraffin,  may  be  poured  over  the 
cable.  This  process  is  known  as  boiling  out.  To  ascertain 
whether  moisture  is  present,  the  piece  last  cut  off  is  stripped 
of  its  lead  covering  and  plunged  into  hot  insulating  com- 
pound.    If  bubbles  rise,  moisture  is  still  present. 


When  all  trace  of  moisture  has  disappeared,  the  lead  cov- 
ering is  removed  for  a  convenient  length  from  each  of  the 
ends  to  be  joined  and  the  insulation  is  cut  away  for  a 
shorter  distance  from  the  end,  leaving  a  certain  length 
beyond  the  lead.  A  lead  tube  of  sufficient  diameter  to  fit 
over  the  cable  sheath  and  of  a  length  great  enough  to 
cover  the  joint  to  be  made  is  slipped  over  one  end  of  the 
cable  and  back  out  of  the  way.     Now,  if  the  conductor  be 
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I  small  enough,  the  regulation  telegraph  joint  is  made  and 
[  soldered.  But  if  the  conductor  be  stranded  or  of  large 
I  cross- sect  ion,  the  ends  are  cut  square,  butted  together,  and 
I  soldered,  and  made  much  more  secure  by  a  copper  sleeve, 
1  is  soldered  over  all.  This  sleeve  is  open  at  one 
I  side,  so  that  solder  may  be  run  in  until  the  strands  are 
[  thoroughly  saturated.  The  joint  is  now  covered  with 
I  insulating  tape  to  the  height  of  the  lead  covering. 

A  layer  of  paraffined  paper  may  be  wrapped  on  over  this 

[  or,  as  is  sometimes  done,  a  mica  tube  may  be  slipped  over 

the  joint.     The  lead  tube  is  then  slid  along  the  cable  so  as 


1  to  cover  the  joint.  The  ends  of  this  are  then  secured  to  the 
i  cable  sheath  by  a  wiped  si>lder  joint,  thus  making  the 
I  sheath  again  continuous. 

A  section  of  such  a  joint  is  shown  in  Fig.  27,  where  i  is 

I  the  insulation,  /  is  the  copper  sleeve,  k  is  the  conductor,  p  is 

I  the  paper  wrapping  or  mica  sleeve,  and  j  is  the  lead  sleeve 

1  with  a  wiped  solder   joint.      The  space  /   is   wound   with 

I  insulating  tape.     For  many  of  the  larger  cables,  the  sleeve  5 

j  is   made   considerably   larger   in   diameter  than   the  cable 

f  sheath,  so  as  to  leave  a  space  that  is  afterwards  filled  with 

compound.       Details  as  to   the   methods   of   splicing   and 

handling  the  various  kinds  of  cables  arc  furnished  by  the 

manufacturers. 


38,  nisrli-Tenslon  Joint. — In  most  cases  where  cables 
[  are  called  upon  to  stand  a  high  pressure,  they  are  joined 
I  somewhat  as  described  in  the  last  article  and  very  carefully 
I  insulated,  so  that  the  insulation  of  the  joint  may  be  as  good 
I  as  that  of  the  rest  of  the  cable.  Mechanical  couplings  and 
i  junction  boxes  are  not  used  very  extensively  for  this  class 
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of  wcirk  I'll  accounlof  the  difficulty  of  securing  high  enough 
insulation,  and  also  on  account  of  the  difficulty  of  keeping 
moisture  out  of-the  cable.  Figs.  2H  and  29  show  the  Tailleur 
high-tension  coupling  that  has  been  successfully   used  on 

pressures  not  exceeding  5,0(10  vults. 


Fig,  28  shows  the  joint  made  and  Pig.  29  shows  it  broken. 
To  make  the  joint,  the  lead  armor,  or  sheath,  E  is  stripped 
a  sufficient  distance  from  the  end  to  ]>ermit  the  slipping  on 
of  the  hard-rubber  jacket  //,  after  the  terminal  i",  has  been 
soldered  to  the  copper  conductor  JC,  first  tinning  the  end  of 
the  copper  conductor  11'  and  also  the  terminal  i",.  One 
part  of  the  hard-rubber  jacket    //  is  slipped  through  one 


part  of  the  brass  coupling  /?,  then  the  hard-rubber  jacket  //, 
with  the  brass  coupling  B,  is  passed  over  the  terminal  5,, 
and  the  piece  A',  is  screwed  on  contact  terminal  S^.  Pure 
rubber,  which  generally  comes  in  sheets,  is  cut  into  strips, 
about  1  inch  or  IJ  inches  wide,  and  the  joint  is  taped  as 
shown  at  C,  allowing  the  tape  to  lap  over  the  cable  armor 
about  1   inch.     The  rubber  tape  is  afterwards  covered  with 


Sic 


us 


iT  tape  and  then  treated  with  compound.  The  soft- 
f' rubber  ring  H  is  then  placed  as  shown,  and  the  joint 
'  clamped  tightly  together,  after  which  the  whole  joint  Is 
[  covered  with  tape  and  insulating  compound. 


EI>ISON    rNDKROROirNii-TUBE    SYSTEM, 

29.    The   EdisoD    imderground-tubc    system    differs 

from  the  conduits   previously  described   in   that  the  con- 
(  ductors  are  placed    in  iron  Inbes  that  are    buried   in   the 

ground.       The    conductors    are, 

therefore,  not  removable.     This 

arrangement  has  been  used  ex- 
I  tensively   by   illuminating    and 

power    companies  in    the   larger 
'   cities.      The    conductors   them-        ,^^^^^^ 
t  selves  are  usually  in  the  shape        '^^■W^i"faf'?<2»F**' 
[  of  round  copper  rods;  the  main 
I  tubes  are  designed  for  use  on  the  three-wire  system  and  arc, 
I-  therefore,  provided  with  three  rods,  as  shown  in  the  section 


^s   LiiaL    an:     oiiried 

r 
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I  in  Fig.  30,      Each  rod  is  wound  with  an  open  spiral  of  rope 
I  that  serves  to  keep  the  rods  separated  in  case  the  insulating 


'   26 


ELECTRIC  TRANSMISSION. 


§15 


material  in  the  tubes  should  become  soft.  After  the  rods 
have  been  provided  with  the  rope  spiral,  they  are  bound 
together  by  means  of  a  wrapping  of  rope  and  inserted  in 
the  iron  pipe,  the  rods  projecting  for  a  short  distance  at 
each  end.  The  whok*  tube  is  then 
filled  with  an  insulating  compound 
that  becomes  hard  when  cold.  The 
tubes  are  made  in  20-foot  lengths 
and  are  laid  in  the  ground  about 
ao  inches  below  the  surface  of  the 
pavement.  They  are  joined  to- 
I  fjether  by  means  of  the  coupling 
boxes  shown  in  Fig.  31  (a)  and  (i). 
Fig.  31  (d)  shows  the  lower  half  of 
main  tubes  entering  each  end.  The 
conductors  are  connected  together  by  means  of  short,  flexi- 
ble, copper  (.■ables  c,  f,  c,  provided  with  lugs  !>,  b,  that  fit 
over  the  rods  and  are  soldered  in  place.  A  cover  d  similar 
to  the  lower  half  e  is  then  placed  in  position  and  the  two 


the  box  only,  with   the 


L 


securely  bolted  together  ty  means  of  flange  bolls,  as  shown 
in  (b).  After  this  has  been  done,  melted  insulating  com- 
pound is  poured  through  an  opening  in  the  upper  casting 
and  the  joint  is  complete.  -Fig.  32  shows  two  styles  of  con- 
nectors used  for  connecting  the  ends  of  the  rods;  («)  is  a 
stranded  copper  cable*  with  terminals  and  (b)  is  a  laminated 
copper  connector.  Fig.  33  indicates  a  length  of  pipe  with 
its  couplings. 

30.  Where  branches  are  taken  off  tJie  mains,  T  coupling 
boxes  are  used,  as  indicated  in  Fig.  34.  This  box,  also,  is 
filled  with  insulating  compound  that  soon  becomes  hard  and 
prevents  the  flexible  connections  from  coming  in  contact 
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ith  one  another.  At  the  centers  of  distribution  (usually  a 
street  intersection)  junction  boxes  are  provided.  These 
correspond  to  the  manholes  of  the  conduit  system.  The 
main  supply  wires,  or  feeders,  run  from  the  station  to  these 
junction  boxes,  whence  the  mains  are  run  to  the  various 
districts  where  light  or  power  is  supplied.  Fig.  35  shows 
one  of  these  junction  boxes.  The  tubes  enter  at  the  lower 
part  of  the  cast-iron  box,  and  the  mains  are  connected  to 


the  feeder.s  through  fuses  that  bridge  < 
rings  shown  at  the  top.  These  fuses  must  be  proportioned 
according  to  the  size  of  the  conductor  in  the  tube  to  which 
I  they  arc  connected.  If  the  conductors  arc  overloaded, 
^  will  heat  and  destroy  the  insulation.  The  allowable 
»rrying  capacities  of  underground  tubes  and  cables  have 
leen  made  the  subject  of  a  large  number  of  tests  by  the 
pjanufacturers,  who  furnish  tables  giving  the  limit  to  which 
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their  cables  or  tubes  may  be  loaded  with  safety.  The 
junction  box  shown  in  Fig.  35  is  made  water-tight  by  clamp- 
ing down  the  cover  by  means  of  the  studs  b,  b  and  the 
whoie  is  then  covered  with  a  cast-iron  plate  resting  in  the 
groove  c  and  coming  flush  with  the  street  surface. 


I 


31.  The  underground  tubes  and  fittings  are  rather 
expensive,  but  they  are  comparatively  cheap  to  install,  as 
all  that  is  necessary  is  to  dig  a  shallow  trench  and  lay  the 
tubes  in  the  ground.  This  system  has  the  disadvantage 
that  if  any  trouble  occurs  it  is  somewhat  awkward  to  get  at 
it,  as  the  conductors  cannot  be  pulled  out  as  in  a  conduit 
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system.  When  trouble  occurs,  the  usual  method  of  pro- 
cedure is  to  dig  a  hole  at  one  of  the  couplings  and  separate 
the  ends.  By  making  a  few  breaks  in  this  way  at  different 
points,  the  section  in  which  the  ground  or  short  circuit  is 
present  can  soon  be  located  and  the  defective  length  of  tube 
removed. 

33.  The  Edison  tube  system  is  not  now  used  as  largely 
as  it  once  was  for  the  main  distributing  lines  or  feeders. 
The  present  practice  is  to  carry  the  main  conductors  from 
the  station  to  the  various  distributing  points  in  ducts,  so 
that  they  may  be  drawn  out  if  necessary.  The  tube  sys- 
tem is,  however,  well  adapted  for  the  distributing  mains, 
and  is  largely  used  for  this  purpose,  because  it  allows  ser- 
vice connections  to  be  made  easily  and  cheaply.  Table  I 
gives  the  cross-section  of  the  rods  used  in  the  standard 

TABLK  I. 


Size  of  Each 

Maximum  Current 

Conductor  in 

in  Each  o(  Two 

Circular  Mils. 

Conductors. 

41,000 

100 

80,000 

200 

100,000 

236 

f        120,000 

200 

150.000 

295 

200.000 

350 

250,000 

400 

300.000 

450 

350,000 

4U5 

400.000 

540 

.      450,000 

5S0 

[       500,000 

(130 
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tubes  that  are  now  used  for  distributing  mains.  Each 
tube  has  three  conductors  of  the  same  size  and  the  tabic 
shLiws  the  allowable  current  when  two  of  the  conductors  an 
loaded.  If  the  system  is  balanced,  the  third  wire  will  carry 
but  a  small  current. 


TESTS. 

33.  In  testing  lines  or  apparatus,  it  is  frequently  neces- 
sary to  make  rough  tests  that  will  show  whether  or  not 
circuits  are  continuous,  broken,  crossed,  grounded,  or  pmjv 
erly  insulated.  These  tests  do  not  require  accurate  meas- 
urements, they  being  merely  for  the  purpose  of  determining 
the  existence  of  a  faulty  condition. 

34.  Magneto  Testing  Set. — The  most  common,  and 
probably,  all  things  considered,  the  most  useful,  form  of 
testing  instrument  for  rough  testing  is  that  consisting  of  a 
magneto  generator  and  bell  mounted  compactly  in  a  box 
provided  with  a  strap  for  convenience  in  carrying. 


TESTING  LINES  FOR  FAULTS. 
35.  Faults  on  a  line  may  be  of  two  kinds:  the  line  may 
be  entirely  broken,  or  it  may  be  unbroken  but  in  contact 
with  some  other  conductor  or  with  the  ground.  The 
former  fault  is  termed  a  break ;  the  latter  a  cross  or 
KToniKl.  A  break  may  be  of  such  a  nature  as  to  leave  the 
ends  of  the  conductor  entirely  insulated,  or  the  wire  may 
fall  so  as  to  form  a  cross  or  ground.  A  cross  or  ground 
may  be  of  such  low  resistance  as  to  form  a  short  circuit  or 
it  may  possess  high  resistance,  thus  forming  what  is  called 
a  leak.  There  are  a  number  of  different  methods  used  for 
locating  faults,  and  as  those  most  suitable  depend  to  a 
considerable  extent  on  the  kind  of  work  for  which  the  lines 
are  used,  most  of  the  points  relating  to  testing  will  be  left 
until  the  different  subjects  with  which  they  are  connected 
are  considered. 


il5 
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16,    Continuity  Tests.— In  testing  wires  for  continuity, 
I  the  terminals  of  the  magneto  set  should  be  connected  to  the 
terminals  of  the  wire  and  the  generator  operated.     A  ring- 
ing of  the  bell  will  usually  indicate  that  the  circuit  is  con- 
tinuous.     This  is  a  sure  test  on  short  lines,  but  should  be 
used  with  caution  on  long  lines  and  in  cables,  because  it 
may  be  that  the  electrostatic   capacity  of  the  line  wires 
themselves  will  be  sufficient  to  allow  enough  current  to  flow 
J  through  the  ringer  to  operate  it,  even  though  the  line,  or 
(  lines,  is  open  at  some  distant  point. 

37.    Testing  for  Crosses  or  Grounds. — In  testing  a  line 
I  for  crosses  or  grounds,  one  terminal  of  the  magneto  set 
I  should  be  connected  to   the   line  under  test,  both  ends  o. 
I  which  are  insulated  from  the  ground  and  from  other  con- 
I  ductors.     The  other  terminal  of  the  magneto  set  should  be 
connected  successively  with  the  earth  and  with  any  other 
conductors  between  which  and  the  wire  under  test  a  cross  is 
suspected.     A  ringing  of  the  bell  will,  under  these  condi- 
tions, indicate  that  a  cross  exists  between  the  wire  under 
'   test  and  the  ground  or  the  other  wires,  as  the  case  may  be, 
Fftnd  the   strength  with  which  the  bell  rings,  and  also  the 
I  pull  of   the  generator  in   turning,   will   indicate,   in   some 
^measure,  th"  extent  of  this  cross. 

Here,  however,  as  in  the   case  of  continuity  tests, 

Ethe  ringing  of  the  bell  is  not  a  sure  indication  that  a  cross 

■exists  if  the  line  imder  test  is  a  very  long  one.      The  insula- 

Ktion  may  be  perfect  and  yet  permit  a  sufficient  current  to 

Kpass  to  and  from  the  line  through  the  bell  to  cause  it  to 

ping,  these  currents,   of  course,  being   due   to   the   static 

:apactty  of  the  line  itself.     In  testing  very  long  lines  or 

mparativcly  short  lines  of  cable,  the  magneto  set  must 

!  used  with  caution  and  intelligence  on  account  of  the 

Epapactty  effects  referred  to.      For  short  circuits   in   local 

testing,  however,  the  results  may  be  relied  upon  as  being 

xiurate. 

Magneto  testing  sets  are  commonly  wound  in  such  man- 
feer  that  the  generator  will  ring  its  own  bell  through  a 
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resistance  of  about  25,000  ohms.  They  may,  however,  be 
arranged  to  ring  only  through  10,000  ohms,  or  where  espe- 
cially desired,  through  from  50,000  to  75,000  ohms.  The 
first  figure  mentioned — 25,000  ohms — is  probably  the  one 
best  adapted  for  all-round  testing  work. 


I 


CDHBENT  DETECTOR  GALVASOMKTER. 

39,  In  order  to  test  for  grounds,  crosses,  or  open  circuits . 
on  long  lines  or  on  cables,  without  the  liability  to  error  that 
is  likely  to  arise  in  testing  with  a  magneto  set,  a  cheap  form 
of  galvanometer  for  detecting  currents,  called  a  detector 
B»lvanometer,  may  be  used.  In  testing  for  grounds  or 
crosses,  the  galvanometer  should  be  connected  in  series  with 
several  cells  of  battery  and  one  terminal  of  the  circuit 
applied  to  the  wire  under  test,  it  being  carefully  insulated 
at  both  ends  from  the  earth  and  from  other  wires,  while  the 
other  terminal  of  the  galvanometer  and  batteries  should  be 
connected  successively  to  the  ground  and  to  adjoining  wires. 
A  sudden  deflection  of  the  galvanometer  needle  will  take 
place  whenever  the  circuit  is  first  closed,  this  being  due  to 
the  rush  of  current  into  the  wire  that  is  necessary  to  charge 
it.  If  the  insulation  is  good,  the  needle  of  the  galvanometer 
will  soon  return  to  zero;  but  if  a  leak  exists  from  a  line  to 
the  ground  or  the  other  wire  with  which  it  is  being  tested, 
the  galvanometer  needle  will  remain  permanently  deflected. 

In  testing  for  continuity,  the  distant  end  of  the  line  should 
be  grounded  or  connected  with  another  wire  that  is  known 
to  be  good,  and  the  galvanometer  and  battery  applied,  either 
between  the  wire  under  test  and  the  ground  or  the  wire 
under  test  and  the  good  wire.  In  this  case,  a  permanent 
deflection  of  the  galvanometer  needle  will  denote  that  the 
wire  is  continuous,  while  if  the  needle  returns  to  zero  it  is 
an  indication  of  a  broken  wire. 

40.  Test  for  Insulation  Resistance. — One  thing  that 
it  is  important  to  know  about  lines  is  the  state  of  their  insu- 
lation.    In  order  to  determine  this,  measurements  of  the 


lis 
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insulation  resistance  between  the  line  and  ground  must  be 

made,  and  if  this  resistance  is  found  to  be  dangerously  low, 

Ae  trouble  should  at  once  be  looked  up  and  remedied.     One 

■  the  most  convenient  methods  for  measuring  insulation 

resistance  is  by  means  of  a  good  high-resistance  voltmeter. 

;  voltmeter  is  much  easier  to  handle  than  a  reflecting 

ilvanometer,  and   if    the   resistance   of   the   voltmeter   is 

I  known,  insulation  resistance  measurements  may  be  made 

.  with  very  little  trouble.     Suppose  in  Fig.   36  we  wish  to 

(■measure  the   insulation  resistance  of   the  line  A  A.     The 

[  Voltmeter  is  first  connected  across  the  lines  at  V  in  the  usual 


nner  and  the  voltage  of  the  dynamo  D  obtained.  Call 
s  reading  ('.  As  soon  as  possible  after  taking  the  reading 
',  the  voltmeter  is  connected  between  the  line  i>  />'  and  the 
ground,  as  shown  at  I',  and  a  reading  I', obtained.  In  this 
case  all  the  current  that  goes  through  the  voltmeter  passes 
Lfromy  to  A",  and  thence  back  through  the  ground  /i  and  the 
insulation  of  the  line  to  /.  It  is  evident  that  if  the  insula- 
Btion  resistance  of  the  line  A  A  is  very  high,  very  little 
^current  will  flow  through  the  voltmeter,  and  a  small  deflec- 
will  be  the  result.  If  the  resistance  r  of  the  voltmeter 
^8  known,  then  the  insulation  resistance  of  the  line  will  be 

X=^''-.''''\  (1.) 

provided  no  ground  exists  on  the  dynamo  D, 
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'he  iiiiiiilation  resistance  of  an  electric-light  main  was 
ns  of  a  Weston  voltmeter  having  a  resistance  of 
i'he!)  connected  across  the  lines,  the  voltmeter  gave  a 


ling  of  1) 
voltmeti 

olts.     When  one  line  was  connected  to  ground  through 
he  reading  was  only  4  volts.    What  was  the  insulation 

other  line  ? 

M>1....^..~ 

7fe  have  by  formula  1, 

„      (110 -4)  18.000 

106  X  18.00() 

=  477.00(1  ohms.    Ans. 

~ 

1   '■Psistance  o'     nes  is  usually  expressed  in 
iual  to  1.0      MWohms.    The  resistance  of 
_  ..  L              refore  be        1  megohm. 

TRSTs  FOR  aaousns  or  crosses. 
41.     Varley  L>oop  Test. — One  of  the  commonest  methods 
locating  a  groimd  or  cross  is    ly  means  of  the  Varley 
jp  test.     In  Fig.  37,  G^  is  a  sen   live  galvanometer  con- 
nected across  the  arms  of  a  Wheatstone  bridge  in  the  ordi- 
nary manner;  A  B  and  A  C  are  the  ratio  arms  and  CD  the 


rheostat  or  balance  arm  of  the  bridge.  D  E  is  the  faulty 
line  and  /■"  the  location  of  the  fault.  The  two  lines  should 
be  connected  together  at  /:  and  the  ends  of  the  loop  BED, 
so  formed,  connected  across  the  terminals  of  the  bridge  as 
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Jie  unknown  resistance.  Call  y  the  resistance  of  the  loop 
Erom  B  to  F  and  x  the  resistance  from  D  to  F.  With  the 
tattcry  connected  between  A  and  D,  as  in  the  ordinary 
lethod  of  using  the  Wheatstone  bridge,  balance  the  bridge. 
This  will  give,  by  working  out  the  unknown  resistance  in 

■  the  usual  manner,  a  resistance  R  equal  to  the  sum  of  the 

■  resistances  of  the  two  wires  forming  the  loop;  that  is, 

R=y  +  x. 

Or,  the  resistance  R  of  the  whole  loop  may  be  calculated, 
["because  the  length  and  size  of  the  line  wire  are  km 


i  X 


Now  disconnect  the  battery  from  D  and  connect  it  to  the 
jground,  as  shown  in  Pig.  38.     Then  balance  the  bridge  again, 
ind  the  resistance  x  may  be  obtained  by  means  of  the  follow- 
■  ing  formula  : 

^  =  "^-'"-^,  (2.) 


9  which  m,  n,  and  />  are  the  values  of  the  resistances  in  the 
ms  A  B,  A  C,  and  CD.  After  obtaining  the  resistance  x 
bom  D  to  the  fault  F  along  the  line  D  E  by  means  of  for- 
Ibula  3,  the  distance  (in  feet  or  miles)  from  the  testing  end  D 
D  the  f&ult  F  may  be  obtained  by  dividing  this  resistance  x 
by  the  resistance  of  a  unit  length  (a  foot  or  a  mile,  as  the 


i 
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case  may  be)  of  the  line  wire  D  E.  The  result  obtain«d  by 
this  test  is  indeiJcndent  of  the  resistance  at  the  fault 
between  the  line  and  the  ground. 

ExAUPLB. — A  ground  occurred  on  a  conductor  of  a  cable  10,000  feet 
long  composed  of  three  No.  10  wires.  One  good  wire  was  used  to  com- 
plele  Ihe  loop.  On  testing  with  one  end  of  the  battery  grounded  as  in 
Pig.  S«.  the  bridge  was  balanceil  with  the  following  resistances- 
m-  10  ohms. «  =  I.OOOohms,/ =  1,043  ohms.  Where  was  the  ground, 
the  resistance  t>cr  l.OOO  feet  of  the  conductor  being  .9»T2  ohm  ? 

Solution. — The  length  of  the  luop  formed  by  joining  the  two  wires 
flf  the  cable  at  the  distant  end  will  be  20.000  feet ; 


l.OQOX  18.944-10 


=  19.  W4. 
C  1.642  _  , 


1,000  4 

ancc  of  the  fault  from  the  testing  staiio 
^^l^'  X  1.000  =  3,4»e.8  ft.     Ans. 


43,  Tx>cntlnK  a.  Partial  Grotiml  Without  mi  Avail- 
able Good  WIi*. — The  following  method  for  locating  a 
partial  ground  or  escape  is  rather  unreliable  in  practice, 
because  the  resistance  of  the  partial  ground  may  change 
between  the  two  measurements,  and  so  give  a  more  or  less 


\ 


incorrect  result.  However,  it  is  about  the  only  way  where 
there  is  no  available  good  wire  and  when  the  tests  must  be 
made  from  one  end  only.  The  normal  resistance  of  the 
line  must  be  known  from  some  previous  measurement, 
unless  it  can  be  calculated  from  the  length  and  size  of  the 


ELECTRIC  TRANSMISSION. 

bwirc.     Ltt  this  resistance  be  a;  then  mtasure  the  resistance 
^of  the  line  B  B' ,  with  the  distant  end  B'  grountled  as  shown 
1  Fig.  39,  and   call   this  c.      Also   measure  the  resistance 


[  with  the  distant  end  open,  as  in  Fig.  40,  and  call  this  b  ohms. 
['Then  the  resistance  x  to  the  partial  ground  from  the  tesl- 
I  ing  station  is  given  by  the  following  formula; 


=  c-^'(b-<){a-(). 


(3.) 


By  dividing  x  by  the  resistance  per  unit  length  of  the 

fire,  known  from  some  previous  measurements  or  by  a  ral- 

Bculation  from  its  size,  length,  and  a  table  of  resistances  for 

fthe  kind  of  wire  under  consideration,  the  distance  to  the 

grounded  point  may  be  obtained. 

43.     To      Ijovate      a     Crosw     by     tlif    Vnrlcy     LiHip 
;eth«>d. — First  insulate  the  distant  ends  of  the  two  crossed 


3: 


Then  connect  as  shown  in  Fig.  41  and  measure  the 
esistance   from   D   to   B  through   the   cross   F.     Let  the 


^TsS                     ELECTRIC  TRANSMISSION.                  §  18 

^M      resistance  of  the  cross  be  3  ohms  and  the  resistance  found 

^H       by  balancing  the  bridge  be  A*  ohms.                                                      ^ 

^m           Then,                         K  =  jr+j'  +  s.            (1)                                             \ 

^H       Now   ground  either  wire,  say  D  E,  anywhere  beyond  the 

1            ^5""'^^ 

■  rC  0  f    '       >    ' 

^^B 

^V     cross,  and  connect  as  shown  in  Fig.  42.     When  the  bridge 

^H     is  again  baUnced,  we  have 

H                                        *"       -^  +  ^            (2) 

From  equations  (1)  and  (2),  we  get 


This  is  the  same  as  formula  2.  By  dividing  x  liythe 
resistance  of  the  wire  DE  per  unit  length,  we  have  the 
distance  from  D  to  the  fault  along  the  wire  D  E. 


) 


PBOTECTION  OF  UNE8  FBOM  LIGHTNING. 

44.  Overhead  lines  are  always  liable  to  accumulate  a 
certain  charge  of  static  electricity  even  if  they  are  not 
actually  struck  by  lightning.  Long  transmission  lines 
should  be  well  protected  against  lightning,  as  they  frequently 
run  through  exposed  and  mountainous  country.     If  these 
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:h-pressure  discharges  travel  along  the  line  and  get  into 

dynamos  at  the  power  station,  they  are  alnrnst  sure  to 

mncture  the  insulation  of  the  machines  and  result   in  a 

mrn-out.     To  guard  against  this,  lightning  arresters  should 

provided. 

It  was  formerly  thought  sufficient  to  place  a  lightning 
trrester  on  each  line  at  the  station,  trusting  to  these  to  lead 
y  discharge  to  the  ground.  However,  this  was  found  to 
unsafe  practice.  It  is  now  generally  admitted  that  the 
ipafest  plan  is  to  distribute  a  number  of  arresters  at  intervals 
along  the  line,  so  that  any  charge  that  may  happen  to 
accumulate  will  be  led  to  ground  before  it  reaches  the 
station.  There  are  a  large  number  of  different  types  of 
lightning  arresters  in  use  that  accomplish  their  purpose 
more  or  less  perfectly.  They  offer  a  great  deal  of  protec- 
tion if  properly  installed;  but,  as  is  well  known,  lightning 
is  very  erratic  in  its  behavior  and  often  does  damage  in 
spite  of  the  lightning  arresters.  This  is  no  reason,  however, 
why  every  line  should  not  be  equipped  with  them  at  inter- 
vals of  about  L'very  half  mile  at  least.  What  is  given  here 
is  intended  to  apply  to  lightning  arresters  in  a  general  way, 
and  the  description  of  special  types  will  be  taken  up  later  in 
mnection  with  the  special  lines  of  work  to  which  they  are  - 
pted.  The  arresters  for  any  given  line  must  be  selected 
with  reference  to  the  kind  of  circuit  on  which  they  are  to  be 
used,  and  descriptions  of  some  of  the  more  important  types 
will  be  given  in  connection  with  the  subjects  ol.Elcclric 
Lighting  and  Electric  Raiiivays.  For  the  present  we  will 
mfine  our  attention  to  general  principles. 


45.     simple    lilgfhtntng  Arrester. — The    term    Itf^ht- 
ig  arrester  does  not  correctly  express  the  use  of  these 
ices,  because  they  do  not  arrest  the  discharge  coming 
over  the  line;   they  merely  divert  the  charge  by  pro- 
viding a  path  to  the  ground  that  the  lightning  will  take 
in   preference  to  passing  into  the  dynamo  and  making  a 
_path  for  itself  to  the  ground  by  puncturing  the  insulation 
the  machine. 


40 


ELECTRIC  TRANSMISSION. 


§15 


In  order  lu  understand  the  action  ti  the  hghtning  arrester, 
it  must  be  remembered  that  a  lightning  discharge  is  oscilla- 
tory in  character,  i.  e. ,  it  is  rapidly  changing  in 
a  manner  somewhat  similar  to  an  alternating 
current,  the  frequency  of  which  is  exceedingly 
high.  On  account  of  its  rapidly  changing 
character,  lightning  will  not  pass  through  an 
inductive  path  if  there  is  a  non-inductive  path 
provided  for  it.  The  armature  of  a  dynamo 
always  possesses  a  certain  amount  of  self- 
induction,  and  a  comparatively  small  amount 
of  self-induction  will  offer  a  very  high  resist- 
ance to  a  lightning  discharge.  Every  coil  of 
wire  has  some  self-induction,  and  a  lightning 
discharge  will  jump  across  an  air  gap  that 
''"■  *■'  has    no     self-induction      before     it    will  pass 

through  a  coil,  even  if  the  ohmic  resistance  of  the  coil  is 
very  low.  Suppose  we  have  a  short  air  gap  ri  r.  Fig.  43, 
and  a  coil  /)'  arranged  ks  shown.  If  terminal  C  is  connected 
to  the  ground  and  a  discharge  comes  in  over  the  line  A,  it 


■  SroonA 


\ 


will  jump  the  gap  d  e  rather  than  pass  through  the  coil  5, 
even  though  this  coil  is  made  of  heavy  wire  and  contains 
but  few  turns.  The  simplest  form  of  lightning  arrester  is 
that  shown  in  Fig.  44.  A  pair  of  plates  1,  2  are  connected 
one  to  each  line  and  are  separated   by  a  small  gap^  from 


Its 
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o  other  plates  3,  -i  that  are  connected  to  the  ground, 
le  gap  in  thu  arrester  should  be  more  easily  jumped  across 
the  discharge  than  the  thinnest  insulation  i  on  the 
namu.  otherwise  the  discharge  will  jump  through  the 
insulation  to  the  ground  instead  of  jumping  across  the  air 
gap.  The  air  gap  must,  of  course,  be  long  enough  that  the 
pressure  generated  by  the  dynamo  itself  will  not  be  able  to 
iump  across  it.  For  pressures  up  lo  500  volts  a  gap  of 
I  inch  should  be  sufficient,  and  a  gap  of  this  length  offers 
Xinsiderably  less  resistance  to  the  discharge  than  the  insula- 
n  the  dynamo. 


■Hi.     ReBCtaiH-f,  or  Kickliiur,  Colls.— In 

more  certain  that  the  discharge  will  pass 

khrough  the  arrester,  klckln^c  culls,  or 

■n^acUuice  tfills,  are  often  inserted  be- 

wcen  the  arrester  and  the  dynamo,     A 

fkicking  coil,  or  reactance  coil,  is  a  coil  of 

wire  consisting  of  a  few  turns  inserted 

tin  the  circuit  between  the  arrester  and 

rthe  apparatus  to  be  protected,  as  shown 

v4  A,    Fig.    44.     These    coils    have  a 

wrtain  amount  of  self-induction,  and  the 

VCoDsequence   is   that   when   a   discharge 

kcomes  in  over  the  line,  they  offer  a  high 

■resistance  to  its  passing  into  the  dyna- 

They   choke    back   the   discharge 

Mnd   force   it  to  pass   to  the  ground    by 

t}umping  the   air   gap.      Fig.   45   shows 

%oil. 


typical   kicking 


47.  Suppi-esslon  of  Arolnjf. — The  simple  arrangement 
■  air  gaps  shown  in  Fig.  44  will  hardly  work  on  electric- 
jiight  and  power  circuits  for  the  following  reason:  If  a  dis- 
iharge  comes  in  over  both  the  lines  at  once,  as  is  quite 
ikely  to  happen,  because  the  lines  usually  run  side  by  side, 
1  arcwill  be  formed  across  both  the  gaps,  and  current  from 
>  dynamo  will  follow  the  arc.     The  result  will  then  be 

r.  n.~u 


) 
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practically  a  short  circuit  on  the  dynamo,  and  such  a  largi; 
current  will  flow  that  the  plates  or  contact  points  of  the 
arrester  will  be  destroyed.  It  is  necessary,  then,  to  have  in 
addition  to  the  air  gap  some  means  for  suppressing  or  blow- 
ing out  the  arc  as  soon  as  it  is  formed.  It  is  also  necessary 
that  as  soon  as  the  discharge  has  passed,  the  arrester  will 
Vw  in  condition  for  the  next  discharge.  Generally  speaking, 
thi:  arc  from  a  continuous-current  machine  is  not  as  easily 
(extinguished  as  that  from  an  alternator;  probably  because 
every  time  the  current  passes  through  its  zero  value  it 
loses  some  of  its  ability  to  hohl  the  arc.  A  large  number  of 
different  types  of  arresters  have  been  brought  out.  In  some 
cases,  the  arc  is  broken  by  being  drawn  out  until  it  can  be 
no  longer  maintained;  in  others,  the  air  gap  is  so  placed 
thai  it  will  be  surrounded  by  a  magnetic  field,  so  that  when 
the  arc  is  formed  it  is  forced  across  the  field  in  just  the  same 
way  that  a  wire  carrying  a  current  moves  across  the  mag- 
netic field  in  a  motor.  The  result  is  that  the  arc  is  stretched 
out  until  it  is  broken.  The  magnet  blows  out  the  arc 
almost  instantaneously.  Another  method  for  suppressing 
the  arc  following  the  discharge  is  to  make  it  occur  in  a 
confined  space  so  that  it  will  be  smothered  out.  Still 
another  method  is  to  make  the  cylinder  or  plates  between 
which  the  arc  jumps  of  a  so-called  non-arcing  metal.  The 
vapor  of  this  metal  offers  a  high  resistance  to  the  discharge, 
and,  hence,  the  dynamo  is  unable  to  maintain  the  arc. 
Some  arresters  will  work  on  either  direct  or  alternating  cur- 
rent ;  but,  generally  speaking,  the  arrester  has  to  be  selected 
with  reference  to  the  voltage  of  the  circuit  on  which  it  is  to 
be  used  and  also  with  reference  to  the  kind  of  current,  i.  e., 
direct  or  alternating. 

48.  (iroiind  Connections  for  T.,if(litnin(r  Aiiresters. — 
As  stated  above,  it  is  best  to  be  on  the  safe  side  and  dis- 
tribute lightning  arresters  along  the  line  as  well  as  placing 
tiiem  in  the  station.  These  arresters  will,  however,  be 
of  little  or  no  use  if  good  ground  connections  are  not 
provided    for    them.       The    following    methods    of    making 
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l:KroLinil    connectiiins    are    recum mended    by    the    Westing- 
■  Company. 


id  Liinncctifm  for 


"^^ 


49.     The  method  of  mal 

1  line  or  pole  HghtninK  arre: 

lized-iron  pipe  is  driven 

fwell  into  the   ground   and 

I  the  top  of  it  surrounded  by 

I  cuke,   which   retains   mois- 

I  ture;  the  wire  is  run  down 

[  the  pole  and  connected  to 
the  top  of  the  pipe  as  indi- 
cated. The  wire  is  some- 
times encased  in  galva- 
ni«ed-iron    pipe   for  about 

IB  feet  from  the  base  of  the 
pole.  If  this  is  done,  it  is 
well  to  solder  the  gnmnd 
wire  to  this  pipe  at  a.  When 
a  number  of  arresters  are 
installed  on  the  lines  enter- 
ing the  station,  special  care 
should  he  taken  in  m.tkin^i 
Ihc  ground  connectinn, 
Otherwise  the  whole  light- 
ning-arrester installation 
may  be  practically  ust-k-sB. 
The  following  method  of 
snaking  the  ground  connec-  '"'■ "' 

tiun  is  recommended :  A  hole  ti  feet  square  is  dug  3  or  (i  feet 
deep  in  a  location  as  near  the  arresters  as  possible,  preferably 
I  directly  under  them.     The  bottom  of  this  hole  is  then  cov- 

ered with  charcoal  or  coke  {crushed  to  about  pea  size)  to  a 
depth  of  about  'i  feet.  On  top  of  this  is  laid  a  tinned, 
copper  sheet,  about  5  ft.  X  5  ft.,  with  the  ground  wire 
[about  No.  0  B.  &  S. )  soldered  completely  across  it.  The 
ilate  is  then  covered  with  a  "i-foot  layer  of  coke  or  charcoal 
mid  the  remainder  of  the  hole  filled  with  earth,  running 
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water  being  used  to  settle  it.  This  will  give  a  good  ground. 
if  made  in  good,  rich  soil.  It  will  not  give  a  good  ground 
in  rock,  sand,  or  gravel.  Sometimes  grounds  are  made  by 
putting  the  ground  plate  in  a  running  stream.  This,  how- 
ever, does  not  give  as  good  a  ground  as  is  commonly  sup- 
posed, because  running  water  is  not  a  particularly  good 
Conductor  and  the  beds  of  streams  very  often  consist  of 
roi'k.  When  lightning  arresters  are  installed,  all  wires  lead- 
ing to  and  from  them  should  be  as  straight  as  possible. 
Bends  act  more  or  less  like  a  choke  coil  and  tend  to  keep 
the  discharge  from  passing  off  by  way  of  the  arrester. 

SO.  For  long-distance,  high-tension  lines,  another  method 
for  protection  from  lightning  has  been  adopted  in  some  cases. 
Barbed  wire  is  run  along  the  tops  of  the  poles  and  is  thor- 
oughly grounded  at  intervals.  This  wire  collects  the  static 
charges  and  leads  them  to  the  ground.  On  these  very  high- 
pressure  lines,  it  is  necessary  to  use  a  number  of  air  gaps 
in  series,  so  that  the  pressure  of  the  line  will  not  of  itself 
be  able  to  set  up  a  current  to  the  ground.  This  usually 
means  that  either  a  special  form  of  arrester  with  a  large 
number  of  gaps  in  series,  or  a  number  of  rcf^ular  arresters 
connected  in  series,  must  be  used.  The  use  of  the  barbed 
wire  does  away  with  the  need  of  line  arresters.  It  is  claimed 
that  it  has  given  very  good  results  in  some  cases,  while  in 
others  the  lightning  arresters  have  been  preferred. 

/>1.     Lt^iitntiiic  Arresters  on  I'nclorjjrotmd  lilnes. — 

It  would  hardly  seem  necessary  to  equip  lines  that  are 
wholly  underground  with  lightning  arresters.  While  it  is 
true  that  such  lines  are  not  at  all  in  danger  from  ordi- 
nary lightning  discharges,  nevertheless  it  has  been  found 
that  when  underground  cables  are  used  in  connection 
with  high-tension  transmission  systems,  static  charges  of 
electricity  gradually  accumulate:  and  if  these  charges  are 
not  allowed  t<)  pass  off  to  the  ground,  they  may  puncture 
the  insulation  of  the  cables.  The  lines  are,  therefore,  very 
iiflen  protected  by  lightning  arre^^ters  or  static  dischargers 
that  are  similar  in  construction  to  a  lightning  arrester,  to 
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allow  the  escape  of  these  static  charges  to  earth.  For 
example,  the  underground  distributing  system  of  the  Met- 
ropolitan Strct^l  Railway  Company,  of  New  York,  is  fully 
equipped  with  lightning  arresters,  although  no  part  of  the 
system  is  above  ground. 


STOHAOE    BATTEUTES. 

53.  The  storitf^f  battery,  or  accumulator,  is  now  so 
largely  used  in  connection  with  electric-transmission  plants 
of  various  kinds  that  a  general  description  of  its  action 
will  be  given  here.  Its  use  in  connection  with  special  lines 
of  work  will  be  considered  more  fully  when  the  subjects  of 
F.lcctric  Lighting  and  Electric  Raikvays  are  taken  up. 

Alti  Aet'iimiilatoi's,  stoitiKc  bnttci'les,  or  secoiidnrj- 
I  IwtterteH  are  those  in  which  a  chemical  change  is  brought 
about  by  sending  current  through  the  cell  from  some  outside 
'  source,  the  chemical  compounds  so  formed  being  capable  of 
delivering  electrical  energy  when  changing  back  to  their 
former  state  when  the  cell  is  discharged.  The  storage  bat- 
tery does  not,  therefore,  store  up  electricity;  it  is  simply  a 
cell,  in  which  the  changes  brought  about  by  the  charging 
current  put  the  cell  in  a  position  to  deliver  electricity  in 
much  the  same  way  as  any  ordinary  primary  battery.  A 
large  number  of  different  types  of  storage  cell  have  been 
devised,  but  the  only  kind  that  has  come  into  extensive  use 
is  the  lead  accumulator.  In  this  cell,  lead  in  some  form  is 
used  for  both  the  positive  and  negative  plates,  and  the  solu- 
tion, or  electrolyte,  is  a  mi.vlure  of  sulphuric  acid  and 
water. 

54,  Fig.  47  shows  a  typical  storage  cell  made  by  the 
Electric  Storage  Battery  Company  and  known  as  the 
chloride  accruiiiuliitor.     These  cells  can  be  obtained  in  a 

K variety   of    sizes  from  the    small    type,    having  only   three 
plates  {two  negative  and  one  positive),   to  the  very  large 
6e!Is  used  in  connection  with  central  stations  and  substatii 
I'hc  cell  shown  is  mounted  in  a  glass  jar.     For  very  larg. 
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cells  wooden  tanks  lined  with  lead  are  used,  while  fur  purt- 
able  batteries  the  jars  are  made  of  hard  rubber. 

tm,  Pnsitlre  HUd  XegHtlvi.'  PtKt«8. — In  Fig.  47, 
I.  a,  a  are  the  positive  plates  and  *.  l>  the  negative  plates. 
Before  going  further,  it  may  be  well  to  point  out  just  what 
is  meant,  by  the  jwsitix'c  and  negative  plates  of  a  storage 
battery.  So  far  as  appearance  goes,  the  iwo  plates  may 
(ok  very  much  alike,  especially  when  the  cell  is  discharger!, 
but  the  iHMltlve  plate  is  always  the  one  at  which  the  current 
i  out  when  the  cell  is  discharging  and  in  when  it  is 
charging.  In  charging  u 
battery,  one  must  always 
be  sure  to  get  the  positive 
pole  of  the  battery  con- 
nected to  the  posilii'C  pole 
of  the  dynamo,  so  that  the 
charging  current  will  flciw 
in  at  the  positive  pole. 
When  the  charging  current 
is  discontinued  and  the  cell 
allowed  to  supply  current 
to  a  circuit,  the  discharg- 
ing current  will  flow  evi 
from  the  positive  pnle  of  the 
cell.  The  positive  plates 
'''"  *"'•  arc,  or  should  be,   marked, 

so  that  there  will  be  no  danger  of  incorrectly  connecting 
the  cells.  When  a  pole  indicator  is  not  at  band,  the  polar- 
ity may  always  be  found  by  connecting  a  wire  tn  each  pok 
and  dipping  the  ends  into  a  dilute  solution  of  sulphuric 
acid.  The  wire  from  which  the  greater  numlwr  of  bub- 
bles is  given  is  connected  to  the  negative  pole.  When 
connecting  cells  in  series,  care  should  be  taken  to  see  that 
the  positive  pole  of  one  cell  is  connected  to  the  negative 
pole  tif  the  next,  Any  person  that  has  worked  around 
storage  cells  for  any  length  of  time  can  tell  the  positive 
plates  from  the  negative  by  their  dark-brown  color. 
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Bfl.    The  complete  chemical  reactions  that  take  place  in 

I  storage  battery  are  ctjmplicated  and  many  of  them  are 

lliot  as  yet  well  understood.     When  the  cell  is  charged,  the 

nrincipal  action  is  the  formation  of  lead  peroxide  on  the 

ositive  plate  and  spongy  lead  at  the  negative.     Lead  per- 

■oxide  is  a  chemical  compound  consisting  of  1  atom  of  lead 

»nd  2  atoms  of  oxygen;  its  chemical  formula  is  PbO^.     This 

lead  peroxide  gives  the  positive  plates  the  dark-brown  color 

Jiat  they  have  when  the  cells  are  fully  charged.     When  the 

sell  is  discharged,  the  lead  peroxide  gradually  changes  to 

lead  sulphate  and  the  metallic  lead  on  the  negative  plate  is 

l^lso    changed   to  lead   sulphate.      Lead    sulphate   PbSO^    is 

kormed  by  the  action  of  the  sulphuric  acid  in  the  electrolyte 

iOf  the  cell  on  the  spongy  lead.     These  chemical  changes  are 

Vrcpeated  over  and  over  as  the  eell  is  charged  and  discharged. 


57.  In  Fig.  47,  the  plugs  c,  c  seen  in  the  negati 
e  portions  of  the  plate  that  lake  part  in  the  , 
^he  cell.  The  framework,  or  surround- 
ing grid,  serves  to  hold  the  active 
material  in  place.  When  the  cell  is 
Discharged,  these  plugs  are  reduced  to 
wngy  lead.  In  the  positive  plate,  the 
tCtive  material  is  placed  in  round  holes, 
fflch  of  which  contains  a  plug  made  of 
X>rrugated  lead  ribbon  curled  into 
ipiral  form.  This  lead  ribbon,  after 
:ng  fixed  in  place,  is  converted  into 
lead  peroxide,  and  thus  forms  the  active 
material  of  the  positive  plate. 

I  58.  In  some  batteries,  the  active 
batcrial  is  formed  by  means  of  chemical 
tctioQ  on  the  plate  itself  and  is  not  hehl 
1  holes  or  [msted  on  the  supporting 
[rid.  This  was  the  method  adopted  by 
Jiti,  the  originator  of  the  storage 
tatUry.  The  pasted  plate  was  brought 
iBt  later  by  Faiire.      The  Willard  plate. 


',  plate 
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Fig.  48,  is  an  example  of  fine  where  the  active  material  is 
formed  on  the  plate  itself.  It  consists  of  n  lead  plate  pro- 
vided with  deep,  narrow  grooves,  as  shown.  These  grooves 
incline  upwards  and  make  the  plate  present  a  very  large 
surface  to  the  action 
of  the  electrolyte. 
The  lead  peroxide 
is  formed  on  these 
plates  by  meansof 
chemiral  action, 
and,  as  the  grooves 
incline  upwards, 
there  is  little  chance 
for  any  of  the  mate- 
rial to  liecome  de- 
tached and  fall  out. 
Fig.  4H  shows  a  cell 
conKistingof  a  num- 
ber of  these  plates 
mounted  in  a  sealed 
hard-rubber  jar  so 
that  the  cell  will  be 
portable.  Cells  of 
^'°'»-  this    kind    are    de- 

signed for  use  on  electric  vehicles.  The  plates  are  sep- 
arated by  a  perforated  rubber  plate  that  precludes  any 
possibility  of  their  coming  in  contact  with  one  another. 

59.  Ratlnij;  of  Htomife  Cells.— The  capacity  of  a 
storage  cell  is  generally  given  as  so  many  ttmpfrfJtoiirs, 
Thus,  a  cell  that  can  deliver  normally  a  current  of  10  amperes 
for  a  period  of  S  hours  will  have  a  capacity  of  W  ampere- 
hours.  If  a  cell  is  discharged  at  a  rate  higher  than  that  for 
which  it  is  designed,  its  output  will  be  diminished.  For 
example,  in  the  above  case,  if  the  cell  were  made  to  deliver 
Ifi  amperes  instead  of  10,  it  would  not  keep  up  its  discharge 
for  5  hours  so  as  to  give  its  total  capacity  of  ftO  ampere- 
hours.    It  does  not  pay  in  any  event  to  take  a  larger  current 
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I  a  cell   than  that  for  which  it  is  designed,  as  it  only 
results  in  a  low  efficiency  and  is  liable  to  buckle  or  dis- 
integrate the  plates.     The  ampere-hour  output  of  a  cell  is 
bblaincd  by  multiplying  the  average  current  in  amperes  by 
c  time  in  hours  during  which  the  current  is  delivered. 
The  capacity  of  a  cell  in  watt-hours  is  obtained  by  multi- 
hfilying  the  average  number  of  watts  delivered  by  the  number 
pf    hours.     The  efficiency  of  a  eel!  is  the  ratio  of  the  watt- 
■ours  delivered  to  the  watt-hours  supplied.       This  gives  the 
Brue  efficiency  of   the  cell,  although  the  ampere-hour  effi- 
ciency, i.  e. ,  the  ratio  of  the  ampere-hours  delivered  to  the 
Bimpere-hours  supplied,  is  often  taken  as  the  efficiency  of 
Jie  cell.     This  would  be  correct  if  the  voltage  at  charging 
Were  the  same  as  when  discharging,  but  such  is  not  the  case. 
The  ampere-hour  efficiency  may  be  as  high  as  95  per  cent., 
■rhile  the  watt-hour  efficiency  is  usually  from  75  to  85  per 
«nt.    and    represents  the    true    efficiency    of   the    battery. 
^mall  cells  have  a  capacity  of  about  3  ampere-hours  per 
lound  of  total  weight,  while  large  central-station  cells  may 
Tin  as  high  as  fi  to  7  ampere-hours  per  pound.    An  ordinary 
lattery  will  weigh  anywhere  from  130  to  180  pounds  per 
lorsepower-hour  capacity. 

60.  VoltftKo  of  Storage  Cells. — The  voltage  required 
for  charging  a  storage  cell  varies  from  3  to  2.5  volts  per 
sell.  The  voltage  required  gradually  increases  as  the  cell 
tecomes  charged.  The  voltage  obtained  at  the  discharge  is 
[Irom  2.3  to  1,K  volts,  the  pressure  falling  off  as  the  cells 

Kome  discharged.  The  difference  between  the  voltage 
enquired  to  charge  a  storage  battery  and  that  obtained  at 
he  discharge  is  due  largely  to  the  internal  resistance  of  the 
;  thus  it  will  now  be  readily  seen  why  the  watt-hour 

fficiency  may  be  considerably  less  than  the  ampere-hour 

Eciency. 
\  If  we  wish  to  charge  50  cells  in  scries,  the  dynamo  must 

e  capable  of  furnishing  50  X  2  =  100  volts  at  the  beginning 
the   charging,  and   this   voltage   must   be   increased   to 

)X  2.5  =125    volts    as    the    cells    become    fully    charged. 
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This  is  usually  done  by  cutting  resistance  out  of  the  field 
of  the  dynamo  as  the  charging  process  proceeds.  If  only 
30  cells,  say,  are  tn  be  charged,  we  will  require  from  40  to 
50  volts;  and  if  they  are  to  be  charged  from  a  ll)0-volt 
dynamo,  enough  resistance  must  be  inserted  in  series  with 
them  to  take  up  the  extra  (iO  to  50  volts.  Hence,  if  the 
charging  current  were,  say,  5  amperes,  there  should  be  at 
least  •j"  =^  12  ohms  resistance  in  series.  If  this  were  not 
used,  the  charging  current  would  be  excessive  and  the  cells 
woulil  be  injured.  Cells  shcjuld  not  be  discharged  to  such 
an  extent  that  their  pressure  falls  below  1.8  volts. 


^^1 
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01.     Installation  — Cells  should  be  installed    in  a  room 
nti!  Ill  >n  IS.  good  ind  where  they  may  be  easily 
inspt,tted      They  are   gen- 
-allj  mounted  on  a  heavy 
framework   that   has    been 
with    acid-proof 
]  Linl      md    i!"    the    sj.ai-L'    i^ 
limittd    lie  irranjffd  in  IWM 
' '     "  or  more  tiers     Storage  cells 

are  heaw  and  the  framework  should  be  \ery  substantial. 
It  is  necessary  to  watch  the  cells  to  see  if  any  of  the  plates 
get  into  bad  condition,  also  to  test  the  condition  of  the 
electrolyte  and  renew  it  when  necessary.  It  is  important, 
therefore,  that  the  cells  shall  be  so  arranged  that  the 
attendant  can  readily  move  around  among  them.  The  cells 
should  be  well  in'iulated,  otherwise  the  acid  film  that  is  sure 
to  accumulate  sooner  or  later  may  result  in  considerable 
leakage.  It  is  a  common  practice  to  set  each  cell  in  a  shal- 
low tray  about  half  full  of  sand  and  then  support  this  tray 
im  insulators.  Fig.  50  shows  an  oil  insulator  that  has  been 
largely  usc<l  for  this  purpose.  It  is  made  in  halves  and  oil 
.laced  in  the  lower  half,  as  shown.  The  surface  of  the 
offers  a  high  resistance  to  any  leakage  that  may  tend  to 
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^curbflween  the  cell  and  the  supporting  framework.  The 
s  are  nearly  always  jiiined  to  each  other  by  burning,  or 
ising,  the  lead  terniinals  together.  Soldering  is  not,  as  a 
Hie,  sntisfactiiry  nr  permanent.  Mechanical  clamping  con- 
nections arc  not  generally  favored,  for  they  do  not  give  as 
low  a  resistance  as  the  burnt  connection,  and  if  they  are  not 
made  wholly  of  lead  they  soon  become  corroded. 


}G'i,    Tilt!  Electrolj-te. — As  already  stated,  the  electro- 
|rte  consists  of  a  mixture  of   sulphuric   acid   and   water. 
There  is  a  difference  of  opinion  as  to  what  the  strength  of 
the  mixture  should  be,  and  makers  of  batteries  send  instruc- 
tions with  their  cells  as  to  the  strength  that  they  consider 
'   essential  to  secure  the  best  results  with   their   particular 
|faake  of  cell.     The   proper  strength  of   the   electrolyte  is 
letermined  by  means  of  a  hydrometer. 
Fig.  51  shows  a  storage -battery  hydrometer.     It  consists 
foi  a  scaled   tube,   or  stem,    provided  with  a  luilb   that  is 
ttrtially  filled  with  shot  or  mercury.     If 
^accd   in  water,  such  a  hydrometer  will 
pJRk;  but  if  arid  is  added,  the  solution  be- 
heavier,  or  more  dense,  and   the 
hydrometer  will  float  until  its  stem  pro- 
jects vertically  out  of  the  mixture.    When 
the  specified  mark  on  the  stem  comes  even 
with  the  surface,  it  shows  that  the  proper 
density   of    mixture    has   been   attained. 
The   electrolyte   in    the    cells  should   be 
tested  from  time  to  time  to  see  that  the 
density  is  correct.     If  it  is  found  too  high, 
some  of  the  solution  should  be  drawn  off 
I  more  water  added.     The  electrolyte 
rill  evaporate  to  some  extent,  and   this 
B  should  be  made  good  by  the  addition 
i  water.     The  density  increases  to  some   I 
jitent  as  the  ccW  becomes  charged. 
ISttal   density  of  the  solution  should  be 
iDUt  1.2,  or   l.ano  on  some  hydrom 
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scalL's,  though  some  manufacturers  use  a  higher  density 
than  this.  This  means  that  the  weight  of  the  solution,  per 
unit  volume,  is  1.3  times  that  of  water.  With  ordinary 
commercial  acid  this  density  requires  about  3  parts,  by  vol- 
ume, of  water  to  1  part  of  acid.  , 

When  mixing  the  electrolyte,  pure  acid  and  water  should 
be  used;  the  water  used  for  the  electrolyte  should  be 
distilled.  The  acid  evaporates  very  little,  though  some  of 
it  may  he  lost  in  the  form  of  spray  thrown  off.  The  evapo. 
ration  is  nearly  all  water;  hence,  it  is  not  often  necessary  to 
add  acid  to  the  cells.  The  electrolyte  should  be  cold  before 
it  is  placed  in  the  cells,  and  they  should  be  charged  as  soon 
its  it  is  placed  in  them.  They  should  not,  at  the  most,  be 
allowed  to  stand  for  more  than  2  hours  before  being  charged. 
It  may  be  well  to  mention  here  that  when  sulphuric  acid  is 
to  be  mixed  with  water,  /Ac  acid  slioiilii  be  poured  siozvly  into 
the  water.  If  the  water  is  poured  into  the  acid,  the  sudden 
evolution  of  heat  is  apt  to  throw  the  mixture  into  the  opera- 
tor's face.  The  satisfactory  operation  of  a  battery  depends 
to  a  great  extent  on  the  correct  strength  of  the  electrolyte, 
hence  it  should  he  carefully  watched.  The  cells  should  be 
kept  filled  so  that  the  electrolyte  will  always  be  slightly  over 
the  tops  of  the  plates. 

03.  Chai-KliiK- — Fig-  51  shows  about  the  simplest  possi- 
ble arrangement  of  connections  for  charging  a  storage  bat- 
tery, all  appliances  that  are  not  absolutely  necessary  having 
been  left  out  in  order  to  avoid  confusion.  /J  is  a  dynamo, 
usually  either  of  the  shunt-wound  or  compound-wound  vari- 
ety; /  is  the  rheostat  in  its  shunt  field,  by  means  of  which 
the  voltage  of  the  machine  may  be  varied  through  a  con- 
siderable range ;  I '  is  a  voltmeter  connected  to  the  voltmeter 
switch  5,  which  is  so  arranged  that  the  voltmeter  may  be 
connected  to  either  the  battery  C  or  the  dynamo  A;  £"  is  a 
double-pole  knife  switch,  by  means  of  which  the  battery 
may  be  thrown  in  connection  with  the  dynamo;  F  is  an 
ammeter  that  shows  the  amount  of  the  charging  current. 
The  ammeters  used  with  storage  batteries  are  often   made 
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with  their  zero  point  in  the  middle  of  the  scale.  When  the 
battery  is  charging,  the  needle  is  deflected  to  one  side  of 
the  zero  mark;  when  discharging,  it  is  deflected  to  the 
other  side,  thus  showing  at  a  glance  whether  the  cells  are 
charging  or  discharging.  It  should  be  noted  that  the  +  side 
of  the  dynamo  is  connected  to  the  +  side  of  the  battery 


od(xx)o^-^www\w 

Fig.  5i2. 

when  the  switch  is  thrown  in,  the  direction  of  the  charging 
current  being  indicated  l)y  the  arrows.  In  this  case,  we 
have  assumed  that  the  number  of  cells  to  be  charged  is  suf- 
ficiently great  to  take  up  the  voltage  of  the  dynamo;  if  this 
were  not  the  case,  a  resistance  would  have  to  be  inserted  in 
series  with  the  battery,  as  previously  explained. 

04.     Having  made  sure  that  the  connections  are  all  right, 
see  that  switch  E  is  open  and  get   the  dynamo  up  to  speed. 
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Then  measure  the  voltage  of  the  cells  and  adjust  the  field 
rheostat  uf  the  dynamo  until  the  voltage  of  the  latter  is 
from  S  to  10  per  cent,  higher  than  that  of  the  cells.  Throw 
in  the  main  switch  and  adjust  the  rheostat  until  the  ammeter 
indicates  the  charging  current  called  for  by  the  makers  of 
the  cells.  When  the  cells  are  charged  for  the  first  time. 
some  makers  recommend  that  they  be  charged  at  about  one- 
third  the  usual  rate  for  the  first  3  hours.  As  the  cells 
become  charged,  the  voltage  of  the  dynamo  must  be 
increased,  by  cutting  out  field  resistance,  in  order  to  main- 
tain the  charging  current.  Charging  at  a  rate  higher  than 
that  allowed  by  the  makers  is  almost  sure  to  injure  the  cells 
in  time.  Charging  at  a  low  rate  is,  in  some  cases,  beneficial 
when  the  cells  are  not  in  good  condition ;  but  if  the  cells  are 
all  right,  slow  charging  is  of  no  particular  benefit  and  con- 
sumes time.  By  keeping  track  of  the  length  of  time  the 
battery  has  been  charging,  the  attendant  can  usually  tell 
when  the  cells  are  fully  charged.  If  the  cells  happen  to 
be  overcharged  a  little,  it  does  them  no  harm,  but  it  results 
in  a  waste  of  current.  Other  things  besides  the  number  of 
ampere-hours  supplied  point  out  the  fact  that  the  cells  are 
fully  charged;  the  positive  plates  become  a  dark-chocolate 
color,  almost  black;  the  voltage  across  each  cell  rises  to 
about  3.5  volts.  Another  indication  of  a  fully  charged  cell 
is  "gassing."  When  the  cell  is  fully  charged,  o.\ygen  and 
hydrogen  are  given  off  freely  because  they  are  no  longer 
able  to  combine  chemically  with  the  plates,  and  after  a  cell 
has  been  gassing  10  or  15  minutes  it  may  be  assumed  that  it 
is  fully  charged.  These  gases  fill  the  electrolyte  with 
minute  bubbles  and  make  it  milky  in  appearance.  The 
bubbles  rise  to  the  surface  and  make  the  electrolyte  appear 
as  if  it  were  boiling. 

65,     Simple  [Switchboard  for  Storap;e  Battery. — The 

outfit  shown  in  Fig.  5'i  is  sufficient  where  a  battery  is  simply 
to  be  charged  and  where  a  fairly  close  watch  can  be  kept  on 
it  while  the  charging  process  is  going  on.  Generally,  how- 
ever, the  connections  must  be  arranged  so  that  the  cells 
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nay  be  either  charged  from  the  dynamo  or  allnwet)  I"  dis- 
^arge  into  the  line.  It  is  also  necessary  to  have  fuses  or 
automatic  circuit -breaker  of  some  kind  to  protect  the 
Bttcry  against  overloads.  An  «ne/fr/oiti/  swiUh  is,  also. 
wnnected  between  the  cells  and  the  dynanio,  as  indicated 
by  the  dotted  outline  A',  Fig.  52.  The  duty  of  this  switch 
S  to  prevent  the  cells  from  discharging  into  the  dynamo 
Jid  running  it  as  a  motor.  It  is,  usually,  an  automatic 
Bswitch  controlled  by  an  electromagnet  connected  in  series 
Pbetween  the  dynamo  and  the  battery.  If  for  any  reason 
the  current  drops  to  a  very  low  value,  the  electromagnet 
releases  its  armature,  thus  opening  the  switch  and  discon- 
necting the  cells  from  the  machine. 


06.     Automatic    Overlood-and -Fuller load    Swlteh. — 

BTig.  53  shows  a  special  automatic  switch  designed  to  protect 
Ithe  dynamo  from  any  backward 

■  rush  of  current  and,  also,  to  pro- 
l-tect  the  battery  from  overloads. 

■  Two  coils  a  and  b  are  connected 
[in  series  between  the  battery  and 
wdynamo,  as  indicated  at  A',  Fig.  S^i. 

f  the  current  becomes  excessive,  I 
»il  b  pulls  up  a  core  that  releases 
B  trip  and  causes  the  arm  to  fly 
lut.  thus  breaking  the  circuit 
(i.  When  the  battery  is 
lagging,  coil  a  holds  its  armature, 
«il  if  the  current  becomes  very 
as  it  must  do  before  it 
Kgins  to  reverse  and  flow  back 
rom  the  batteries,  the  armature 
\  releascdt  which  action  releases 
!  catch  and  allows  c  to  fly  out. 

instrument    is,   therefore,   a  I'm.  as. 

rotection  against  both  underloads  and  overloads. 

:  example,  a  battery  might  be  charging  and  the  speed 
;  the  dynamo  might   drop  or   the   bell  fly  off.      In  either 
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case,  the  voltage  of  the  dynamo  would  drop  and  Ihe  charg- 
iiig  current  fall  to  zero.  If  the  circuit  were  not  opened,  a 
current  would  flow  from  the  battery  through  the  dynamo 
and  run  it  as  a  motor.  Another  instance  in  which  damage 
might  result  if  an  underload  switch  were  not  used  is  in  rase 
the   field  circuit  of  the  dynamo  should  happen  to  become 


broken.  This  would  reduce  the  E.  M,  F,  of  the  dynamo  to 
zero  and  a  larpe  rush  of  current  could  take  place  through 
the  armature,  because  the  cells  would  be  unable  to  excite 
the  field  so  as  to  enable  the  machine  to  generate  any  counter 
E.  M.  F.  as  a  motor.  In  the  case  of  a  compound-wound 
dynamo,   a    backward    rush    of    current    might    result    in    a 
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■reversal  of  the  dynamo  field.  In  the  case  nf  a  simple  shunt 
■dynamo,  the  current  flows  around  the  shunt  in  ihc  same 
^direction  no  matter  whether  the  dynamo  is  charging  the 
■battery   or  whether   the   battery   is   forcing   current   back 

■  thruugh  the  dynamo. 

I  67.  Fig.  .5-i  shows  a  simple  switchboard  suitable  for  a 
■.small  plant  where  a  battery  is  used  in  conjunction  with  a 
tdynamo  for  lighting  or  other  purposes;    i  and  j  are  two 

■  double-pole    knife    switches    provided    with    fuses.      The 

■  Switch  ^  controls  the  lighting  circuit  and  switch  jr  is 
Iconnected  to  the  dynamo  d  through  the  underload  circuit- 
Kt)reaker  c.  The  ammeter  A  is  connected  in  series  with  the 
vliattery  b  and  indicates  the  charging  or  discharging  current. 
WV\s  a  voltmeter  connected  to  a  switch  f>,  by  means  of  which 
IKmay  be  connected  across  either  the  dynamo  or  the  battery; 
It  is  the  handle  of  the  field  rheostat   that  is  connected  in 

■  series  with  the  shunt  field  of  the  dynamo.  The  rheostat 
lis  located  behind  the  hoard.  When  the  battery  is  being 
Rdiarged,  the  switch  k  is  open  and  the  switch  s  closed,  When 
Ktbe  battery  alone  is  furnishing  current  to  the  line,  s  is  open 
bnd  k  closed.  If  it  is  desired  to  have  both  battery  and 
Pdynamo  furnish  current  to  the  line,  both  switches  are  closed. 

K  68,  DlsoharRluK. — When  a  battery  has  been  fully 
■charged,  it  will  retain  its  charge  for  a  considerable  length  of 
V'time  without  serious  leakage.     The  amount  of  leakage  will 

■  depend  on  how  well  the  cells  are  insulated.  Except  where 
ffthe  cells  are  used  for  portable  .purposes,  they  are  usually 
^discharged  within  a  few  hours  after  they  are  charged;  in 
Efact,  in  most  railway  or  power  stations  the  charging  and 
discharging  go  on  intermittently,  charging  occurring  on  the 
■line  when  the  load  is  light  and  discharging  when  it  is  heavy. 
KThe  maximum  discharge  current  is  usually  about  the  same 
Uis  the  charging  current,  though  sometimes  it  is  allowed  to 

run  slightly  higher  without  damage.     The  maximum  dis- 
charge current   that   may   be  taken   from   a  cell   depends 
largely  on  its  construction  and  is  usually  specified  by  the 
Kinakcrs.     Heavy  discharge  currents  are  liable  to  heat  the 
J.    11.— Zl 
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cells  and  break  up  the  plates  by  causing  pieces  of  the  active 
material  to  fall  off.  It  is  very  bad  practice  to  allow  an 
accumulator  to  become  completely  discharged,  as  it  is 
almost  sure  to  give  rise  to  a  trouble  called  sulpliatinia;,  and 
this,  in  turn,  is  liable  to  cause  buckling  of  plates.  It  is 
always  well  to  leave  about  one-quarter  of  the  charge  in  the 
cells  and  never  to  discharge  them  to  such  an  extent  that  the 
voltage  per  cell  drops  below  l.V  or  1.8  volts, 

09.  Hill phatlng:.— This  is  one  of  the  things  that  gives 
considerable  trouble  in  connection  with  storage  cells  and 
which,  if  allowed  to  go  too  far,  may  render  them  almost 
useless.  It  has  been  stated  that  lead  sulphate  PbSO^  is 
formed  when  the  cells  are  chained  or  discharged.  The 
formation  of  this  sulphate  is  necessary  in  connection  with 
the  operation  of  the  cell  and  it  does  no  harm  whatever. 
There  is,  however,  another  lead  sulphate  Pb^SO^,  and  it  is 
this  one  that  is  generally  credited  with  causing  the  trouble 
known  as  sulphating.  This  sulphate  forms  a  white  coating 
on  the  plates  and  generally  accuniulates  more  or  less  irregu- 
larly in  patches.  The  white  insoluble  sulphate  scale  is  very 
hard  to  get  rid  of  and  it  prevents  any  action  upon  the  por- 
tion of  the  plate  that  it  covers.  Because  of  this  fact,  it  is 
responsible  for  a  large  portion  of  the  buckled  or  bent  plates 
that  are  sometimes  found  in  cells.  The  patches  of  sulphate 
allow  the  plate  to  be  acted  upon  in  spots  only  and,  as  the 
active  material  expands  and  contracts  when  the  chemical 
changes  take  place,  the  uneven  expansi(m  and  contraction 
are  liable  to  buckle  the  plate  or  cause  the  active  material  to 
fall  off.  As  already  stated,  overdischarging  is  very  liable 
to  cause  sulphating.  It  may  also  be  caused  by  using  too 
strong  an  electrolyte ;  i.  e. ,  an  electrolyte  having  too  large  a 
percentage  of  acid  in  it.  Also,  if  the  cells  are  left  standing 
for  a  long  time  without  being  charged,  their  charge  may 
leak  off  and  sulphating  set  in.  If  the  sulphating  has  not 
gone  far,  the  plates  may  be  taken  out  and  the  white  scale 
removed  by  scraping  carefully.  After  this  has  been  done, 
the  cells  should  be  charged  at  a  low  rale  f.)r  a  long  time. 


ELECTRIC  trans: 

he  positive  plate  generally  gives  the  most  tmublc  in  stor- 

bige  batteries,  ht-nce  this  plate  should  be  carufuUy  wati;hcd 

for  any  signs  of  sulphating,  buckling,  or  falling  off  of  active 

national.     If  cells  are  to  be  left  for  a  considerable  length  of 

[lime  without  being  used,  they  should  first  be  fully  charged, 

[thtt  tflectrolyle  drawn    off.  and    the  cells    filled    with    clear 

water.     They  should  then  be  allowed  to  discharge  at  their 

Bnorrnal   rate,    which   they   will   do   for  a  short   time   only. 

^Aftcr  the  water  has  stood  in  the  cells  for  about  'iii  hours,  it 

may  be  drawn  off  and  the  cells  will  remain  in  good  condition 

rtintil  they  are  again  put  into  commission. 
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TO.  CencrRi  Itciiiarks.  —  A  storage  battery,  lo  give 
'ice.  must,    like  everything  else,  be   kept    in  good 

indition.  This  means  constant  inspection  of  the  plates 
'and  the  condition  of  the  electrolyte.  The  cells  must  be 
watched  to  see  that  none  of  them  become  short -circuited  by 
particles  becoming  k«lged  between  the  plates  or  by  material 
accumulating  in  the  bottom  of  the  cells.  Cells  should  not 
be  charged  or  discharged  at  an  excessive  rate  for  any  length 
if  time,  though   many  of  the   batteries  now  manufactured 

ill  deliver  heavy  currents  for  short  intervals  without  per- 
ceptible damage.  Plates  of  the  Plantt^  type,  i-  e.,  with 
formed  material,  will,  it  is  claimed,  stand  heavy  charges 
and  discharges  better  than  those  of  the  Faure.  or  pasted, 
type,  which  is  a  feature  of  considerable  value  in  connection 
with  automobile  or  other  portable  batteries.  If  plates  become 
slightly  buckled,  they  may  be  straightened  by  being  pressed 
between  boards — they  should  not  be  pounded.  Battery 
rooms  should  be  exceptionally  well  ventilated  because  of  the 
fine  acid  spray  that  is  formed  when  the  cells  are  in  operation. 
The  bubbles  of  gas  bursting  at  the  surface  of  the  acid  throw 
off  a  very  fine  spray  of  acid  that  is  extremely  irritating. 
Different  methods  have  been  tried  to  keep  this  spray  from 
being  thrown  off.  such  as  pouring  a  layer  of  oil  on  top  of 
the  electrolyte  or  pouring  melted  paraffine  on  the  surface. 
In  the  latter  case,  the  paraffine  hardens  and  seals  the  cell. 
A  small  hole  about  J  inch  in   diameter,   or  two   or  three  of 
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such  holes  for  a  large  cell,  must  be  left  to  allow  tho  gas  to 
wcirk  its  way  out  and  also  to  permit  the  inSL-rtinii  of  the 
hydrometer.  The  best  method,  however,  of  doing  away 
with  the  trouble  is  to  provide  thorough  ventilation. 


ItKGUI^TION  or  HTOItAOR  UATTEBIES. 

71.  Storage  batteries  in  connection  with  large  central 
Btatiuns  are  used  in  a  number  of  different  ways  that  will  bv 
taken  up  more  in  detail  in  connection  with  Electric  IJgltt- 
ing  sxiA  Electric  Railways.  In  electric-lighting  work,  thoy 
are  usually  charged  during  the  day  and  used  to  help  out  the 
dynamos  at  night,  when  the  heavy  load  comes  on.  They  are 
also  used  in  some  cases  to  carry  the  whole  load  during 
intervals  when  the  demand  is  light.  In  railway  work,  they 
are  generally  left  connected  all  the  time  the  road  is  in  opera- 
tion; they  are  so  arranged  that  they  will  become  charged 
during  the  intervals  when  the  load  is  light  and  will  dis- 
charge when  the  load  becomes  heavy. 

Since  the  voltage  drops  as  the  battery  discharges,  it  is 
necessary,  when  they  are  used  in  connection  with  lighting 
work,  to  have  some  means  of  maintaining  the  pressure  sup- 
plied to  the  line  at  a  constant  value.  This  is  generally 
accomplished  by  having  a  few  extra  ceils  that  may  be 
switched  into  service  by  automatic  switches  as  the  voltage 
of  the  battery  drops.  In  railway  work,  the  regulation  of 
the  battery  must  be  effected  rapidly  in  order  to  make  the 
battery  charge  or  discharge  with  the  rapid  fluctuations  in 
load  peculiar  to  railway  service.  This  is  usually  accom- 
plished by  means  i>f  a  so-called  booster. 

The  Ixiostt'r  is  a  comparatively  small  dynamo  of  special 
design  that  is  driven  at  a  constant  s]>eed  by  a  steam  engine, 
or,  what  is  more  usual,  by  a  direct-connected  electric  motor. 
The  general  action  of  a  (llffeifiitlal  Imoster  will  be  under- 
stood by  referring  to  Fig.  5n.  The  armature  A  of  the 
booster  is  connected  in  series  with  the  battery,  so  that 
whatever  vultagc  may  be  generated   in   it  will  be  combined 
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wilh  that  of  the  battery.  In  other  words,  varying  the 
E.  M.  F.  in  A  has  practically  the  same  effect  as  varying 
the  E.  M.  F.  of  the  hattery  by  adding;  or  cutting  out  cells. 
For  example,  the  batteries  will  be  charging  whenever  the 
voltage  between  the  points  n,  6  falls  below  that  of  the 
generator  G,  am!  they  will  discharge  whenever  it  rises  above 
that  of  G. 

The  field  of  the  booster  is  provided  with  two  windings, 
one  of  which  consists  of  a  few  turns  of  heavy  conductor  and 
is  connected  in  series  with  the  line;  the  other  winding  is  of 
fine  wire  and  is  connected  in  shunt  across  the  battery  as 
shown.     A  rheostat  is  provided  in  this  shunt  circuit  so  that 


the  field  current  may  be  adjusted.     The  effect  of  the  scries 
coil  may  be  adjusted  by  means  of  a  low- resistance  shunt  r 
connected  across  its  terminals.     The  full-line  arrows  rep- 
resent the  course  of  the  current  when  the  cells  arc  helping 
out  the  generator  and  the  dotted  arrows  show  the  flow  of 
I   current  when  the  cells  are  charging.     The  shunt  field  of  the 
booster  supplies  a  practically  constant   magnetizing   force 
because  the  current  through   the  shunt  remains  almost  the 
same,  no  matter  whether  the  cells  are  charging  or  discharg- 
L  ing,   and   the  direction    of   the   current   in  the  shunt  also 
I  remains  the  same.     The  series  coils  arc  so  connected  that 
I  the  current  passing  out  to  the  line  circulates  around  them 
L  in  a  direction   opposite    to    that    in  the  shunt    coils.      The 
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windings  are  so  adjusted  that  when  the  normal  load  is  being 
delivered,  the  two  coils  balance  each  other  and  the  booster 
armature  generates  no  E,  M.  F.  Suppose  the  current 
required  on  the  line  falls  below  the  average  or  norma!  out- 
put. The  shunt  cuil  will  then  predominate,  and  the  booster 
will  generate  an  E.  M.  F.  which  is  directed  so  that  it  is 
opposed  to  that  of  the  cells  (sec  direction  of  dotted  arrows 
through  booster),  or  in  the  same  direction  as  that  of  the 
generator;  hence  it  helps  the  generator  to  send  current 
through  the  cells,  as  shown  by  the  dotted  arrows.  When  the 
line  current  becomes  greater  than  normal,  the  series  coil 
predominates,  the  booster  E.  M.  F.  is  reversed  and  helps  the 
battery  to  discharge  and  help  out  the  dynamos.  All  that 
the  booster  does  is  simply  to  bring  about  a  raising  or  lower- 
ing of  the  pressure  between  the  points  a,  b  so  that  the 
battery  will  charge  or  discharge  at  the  proper  time. 

73.  The  preceding  is  intended  merely  to  illustrate  the 
general  principle  of  booster  regulation  as  used  in  connection 
with  batteries.  A  number  of  patents  have  been  taken  out 
•  for  different  schemes  of  connections  for  this  purpose,  and 
the  above  is  not.  by  any  means,  the  only  one  that  mijrbt  be 
used. 

73.     Edlwon  Stonme  Jlattorj-. — All  that   has  been  said 

in  the  foregoing  relates  to  the  ordinary  lead-sulphuric  acid 
storage  cell,  because  this  is  the  only  type  which  has  hitherto 
been  used  to  any  extent  in  practice.  A  new  cell  has  recently 
been  brought  out  by  Edison  which  it  is  expected  will  be 
lighter  and  more  durable  than  the  older  type.  Whether  this 
will  pntve  to  be  the  case  remains  to  be  seen,  as  the  cell  has 
not  yet  been  used  commercially  on  a  large  scale.  The  posi- 
tive pole,  or  the  plate  at  which  current  flows  out  when  the 
cell  is  discharging,  is  a  superoxide  of  nickel.  The  negative 
pole,  or  plate  at  which  the  current  flows  in  when  the  cell  is 
discharging,  is  iron.  The  electrolyte  is  a  solution  of  caustic 
potash  in  water — about  2(1  per  cent,  of  cau.stic  potash  is 
nseil.  The  plates  are  made  of  sheet  steel  and  have  open- 
ings in  whicli   fit    small    perfornte<l    flat    steel   boxes  which 
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contain  the  active  material.  This  cell  gives  an  E.  M.  F.  of 
1.5  volts  after  beinj;  recently  charged  and  an  average  volt- 
age during  discharge  of  1. 1  volts.  It  gives  an  output  of 
14  watt-hours  per  piiund,  which  is  equivalent  to  a  weight  i»£ 
aX'.i  jjounds  per  horsepower-hour.  It  will  i)e  noticed  that  it 
is  about  two  and  one-half  limes  as  light  as  the  lead  cell  for 
the  same  outpiit.  so  that  if  it  proves  satisfactory  in  other 
respects,  it  will  have  a  great  advantage  uvcr  ihc  older  type 
of  accumulator. 


COMISrSED  KIIN^^TXf^  OF    DYNAMOS. 

74,  In  preceding  articles  relating  to  the  operation  of 
dynamos  in  connection  with  power-transmission  work,  we 
have  assumed,  in  nearly  all  cases,  that  each  dynamo  was 
operated  by  itself  and  that  it  fed  into  its  own  line  or  feeder. 
Where  a  station  is  equipped  with  a  number  of  dynamos  and 
circuits,  it  is  often  very  desirable  to  have  the  machines 
RjUTanged  so  that  they  may  be  operated  together;  generally 
J  parallel,  though  in  some  cases  in  series.  We  will,  Iherc- 
Kore,  take  up  some  points  relating  to  the  combined  operation 
J>(  machines,  lioth  dirett  and  ;i I tt mating. 


T»YNAM<»N    IN    . 


IHBBfrP-fT^rimKNT    MAflllXEa. 

75.  Dynamos  arc  not  very  often  run  in  scries.  Perhaps 
3ie  most  common  case  is  where  they  are  run  in  pairs  of  two 
1  series  on  the  Ihrec-wirc  system.  Of  course,  whenever 
B^>lfnn3  nrc  connectetl  in  series,  their  pressures  are  added 
I  the  same  way  that  the  voltage  of  two  or  more  cells  of 
Ittery  is  addeil  when  they  arc  connected  in  series.  The 
JBrrent  output  is  not  increased.  The  use  of  dynamos  in 
in  the  three-wire  system    has  already  been  explained. 


) 


so  that  there  will  be  no  need  to  dwell  on  il  further  at  this 
point.  Sometimes  when  sbunt-wound  dynamos  are  operated 
in  series,  the  shunt  coils  are  connected  in  series  also,  so  as 
to  form  a  single  shunt  across  both  machines.  In  other  cases, 
the  shunt  lields  are  connected  so  that  the  shunt  of  one 
machine  is  excited  from  the  armature  of  the  other.  The 
object  of  using  these  different  methods  of  connecting  the 
shirnt  coils  is  to  make  the  voltage  divide  equally  between 
the  machines,  so  that  each  will  do  its  proper  share  of  the 
work.  Series-wound  dynamos  are  sometimes  operated  in 
series,  especially  in  connection  with  arc  lighting.  In  this 
case,  the  connections  are  very  simple,  about  the  only  pre- 
caution being  to  see  that  the  positive  pole  of  one  machine 
is  connected  with  the  negative  pole  of  the  other,  so  that 
the  pressures  of  the  two  machines  will  be  added  together 
instead  of  opposing  each  other.  Generally  speaking,  series- 
wound,  shiuit-wound,  or  compound-wound  machines  may 
be  run  in  series  with  very  little  difficulty;  in  the  case  of 
the  last-named  type,  the  compound  coils  must,  of  course, 
be  connected  in  series  in  the  line.  In  most  cases,  however, 
the  demand  is  for  a  large  current  output  rather  than  for  a 
high  voltage,  hence  plain  series  running  is  not  very  com- 
mon, except,  perhaps,  on  arc-light  circuits,  where  a  high 
voltage  may  lie  required  for  operating  a  large  number  of 
lamps  in  series. 


ALTKRNATOHS. 

70,  Alternators  cannot  be  run  in  series  unless  their 
armatures  are  rigidly  connected  by  being  mounted  on  the 
same  shaft,  so  that  the  E.  M.  F."s  generated  by  the  two 
machines  will  always  preserve  exactly  the  same  relation 
with  regard  to  each  other.  If  the  machines  are  driven 
separately,  the  E.  M.  F.'s  may  aid  each  other  at  one  instant 
and  i>ppose  each  iithcr  the  iie.\t,  thus  making  their  opera- 
tion unstable.  For  this  reason  alternators  are  very  seldom 
operated  in  scries. 


I  §  IS  EI,ECTRIC  TRANSMISSION. 

T»T7fAM08    IN    PARALLEL. 


DIHECT-CmilENT    MACHINES. 

77.  Dynamos,  both  direct  and  alternating,  are  much 
more  frequently  operated  in  parallel  than  in  series.  Nearly 
all  modern  electric-light,  electric-railway,  or  electric-power- 
traiismission  plants  are  arranged  so  that  the  machines  may 
lie  operated  either  singly  or  in  parallel.  When  two  dynamos 
yl  and  B  are  connected  to  a  line,  as  shown  in   Fig.  50,  they 


I  arc  in  parallel.  Each  machine  generates  the  same  voltage, 
and  the  pressure  between  the  lines  is  the  same  as  if  a  single 
machine  were  used;  i.  e.,  the  pressure  between  the  lines  is 
[  not  increased  by  adding  machines  in  multiple,  but  the  cur- 
I  rent  delivered  to  the  line  is  increased  because  the  line  cur- 
I  rent  is  the  sum  of  the  currents  delivered  by  each  of  the 
I  machines. 

Each  machine  is  connected  through  its  main  switch  jW,  M' 
I  to  the  heavy  conductors  C,  D,  like  terminals  of  each 
]  machine  being  connected  to  the  same  bar.  As  shown  in  (he 
[  figure,  the  two  positive  terminals  are  connected  to  C  and 
[  the  two  negative  to  D.  Care  must  be  taken  to  see  thai  like 
[  terminals  arc   always   connected  to  the   same   bar.     Each 
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supplies,  say,  one-half  of  the  current.  Now,  if  the  E.  M.  F. 
of  one  of  the  machines  A  drops  slightly,  due  to  a  slight 
variation  in  speed  or  any  other  cause,  the  amount  of  current 
delivered  by  A  will  decrease,  and  thus  decrease  the  field 
excitation,  because  the  current  through  the  field  coil  is  the 
same  as  the  current  delivered  by  A.  This  lowering  of  the 
field  excitation  of  A  will  still  further  cut  down  its  E.  M.  I''. 
and  matters  will  go  from  bad  to  worse  until,  in  a  very  short 
time,  A  will  be  driven  as  a  motor,  unless  the  belt  on  the 


heavily  loaded  machine  should  slip  and  thus  bring  down  its 
voltage.  The  trouble  is  made  still  worse  by  the  fact  that 
the  extra  load  thrown  on  B  will  raise  its  E.  M.  F.,  because 
the  field  of  /i  will  be  strengthened.  Moreover,  when  A  is 
run  as  a  motor,  its  direction  of  rotation  will  be  reversed; 
and  this  may  result  in  considerable  damage.  It  is  thus  seen 
I  that  two  series-wound  machines  connected  in  parallel,  as 
shown  in  Fig.  57,  will  be  very  unstable  in  their  action,  and 
it  is  not  practicable  to  so  operate  them. 

70.  EqiiallzltiK  Connoftlnn. — The  unstable  condition 
I  just  referred  to  can  be  remedied  in  a  large  measure  by  using 
Equalizing  connection,  or  equalizer,  as  it  is  commonly 
I  called.  This  is  shown  in  Fig.  .58,  where  the  wire  erf  is  the 
f  equalizer.  The  equalizer  is  a  wire  of  low  resistance  con- 
I'necting  the  points  c.  d  where  the  series  coils  are  attached  to 

■  the brushes;  c, /"are  the  regular  terminals  of  the  machine, 

■  Rtul  the  student  should  note  carefully  what  points  are  con- 
I  nected  by  the  equalizer.     Now  suppose  that  the  machine  li 


delivers  a  greater  current  than  A  ;  part  of  this  current  will 
flow  to  tlie  4-  line  through  the  coil  d/,  but.  part  of  it  will, 
also,  take  the  path  tZ-c-t'  through  the  field  coil  c  f  o( 
machine. -J.     The  result  is  that  part  of  the  current  delivered 


by  />  helps  to  keep  up  the  field  excitation  o£  A,  thus  bring- 
ing up  its  voltage  and  equalizing  the  load  between  the 
machines.  If  A  delivers  the  greater  part  of  the  load,  due 
to  a  drop  in  the  voltage  of  Ji,  then  part  of  the  current  flows 
through  the  path  c-4-/  and  strengthens  the  field  of  I>. 

80.  Even  if  the  equalizer  is  used,  there  is  another  diffi- 
culty in  the  way  of  operating  series  machines  in  multiple  that 
might  not  appear  at  first  glance.  Suppose  that  one  series 
dynamo  is  carrying  a  load  and  that  the  load  is  increasing  so 
as  to  make  it  necessary  to  put  another  machine  in  parallel 
with  it  to  help  it  out.  Now,  in  order  to  throw  a  dynamo  in 
multiple  with  another  dynamo  that  i: 
load,  the  dynamo  that  is  to  be  thrt 
having  its  voltage  brought  up  to  : 
slightly  greater,  than  that  'if  the  macl 
tion.  If  this  were  not  done,  the  se 
simply  short-circuit  the  first  as  soon 
made.  Also,  a  series  machine  when  r 
not  generate  anv  voltage  unless  it  i 
current,  because  the  field  coils  are  in 
circuit;  so  that  in  order  to  get  the  second  machine  up  to 
voltage,  we  must  either  separately  excite  it  in  some  way 
or  )irovide  a  temporary  load  of  some  kind  and  then  so 
arrange  it   that  the  machine  can  be  thrown  over  tm    to   the 
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in  load.  Either  of  these  schemes  will  introtluce  com- 
plicalions.  It  is  thus  seen  that  the  series  dynamo  is  not  at 
all  well  adapted  for  parallel  running.  The  above  points  will, 
however,  be  of  assistance  in  understanding  the  action  of  the 
compound- wound  dynamo. 


SinrXT    DYNAMOS    IN    PABAI.1..BL. 

HI.  Shunt  dynamos  will  operate  very  well  in  parallfl 
and  have  been  largely  used  in  this  way.  They  have  two 
properties  that  make  their  parallel  operation  a  comparatively 
easy  matter.  In  the  first  place,  they  are  capable  of  exci- 
ting their  own  field  no  matter  whether  they  are  delivering 
current  to  the  main  circuit  or  not.  In  the  second  place, 
their  voltage  drops  slightly  with  an  increase  in  the  load,  and 
this  tends  to  make  their  parallel  operation  stable,  as  will  be 

I  shown  later.  Suppose  that  we  have  two  shunt  machines 
arranged  as  shown 
in  Fig.  5» ;  W  and  B 
are  the  armatures 
of  the  two  shunt 
machines,  -V,  S  are 
the  shunt  field 
windings,   and    r,  r' 

I    the  adjustable  field 
rheostats.  L,  L'  are 

I  Bwitches  in  the  field 

I   circuit  and  M,  M' 
main  switches  con- 

I   nccting     the     ma- 

I   chines  to  the   line. 

I  We   will   suppose 

f  that    machine  A  is 
in  operation,  as  in- 

I  dtcated  by  the  closed  position  of  switches  L  and   M.     If 

\  now  we  wish  to  throw  machine  /V  into  multiple,  it  is  run 

[  up  to  speed  and  the  switch  L'  closed;  B  will  at  once  begin 


I 
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tu  pick  up  its  field  and  run  up  to  voltage.  If  the  two 
machines  are  generating  the  same  voltage  and  if  their 
polarity  is  the  same,  as  it  should  be,  a  voltmeter  con- 
nected to  blocks  1,  i  will  give  no  diiflcction,  because  the 
tendency  of  the  machine  A  to  send  current  through  the 
voltmeter  will  be  opposed  by  />.  This  state  of  affairs  can 
be  brought  about  by  adjusting  the  rheostat  r'  until  the 
viiltmeter  indicates  that  the  voltages  of  the  machines  are 
equal.  After  this  has  been  done,  the  switch  M'  may  be 
closed  and  the  field  excitation  of  B  again  adjusted  until  the 
proper  share  of  the  load  is  carried.  It  is  thus  seen  that 
there  is  no  particular  difficulty  in  throwing  one  shunt 
machine  in  parallel  with  another,  because  it  can  easily 
be  brought  up  to  the  desired  voltage,  since  the  field  circuit 
is  independent  of  the  main  circuit.  In  practice,  it  is  gener- 
ally found  better  to  have  the  voltage  of  H  about  1  or  2  per 
cent,  higher  than  that  of  A  when  the  machine  ia  thrown  in. 
Sometimes,  whenshmit  machines  are  arranged  for  parallel 
operation,  the  field  is  connected  across  the  mains  instead  of 
across  the  armalure  of  each  machine.  When  this  is  the 
case,  the  field  connection  is  made  as  indicated  by  the  dotted 
iiuus  r  y,  r'  J ,  instead  of  being  connected  as  shown  by  the 
full  lines  r  x,  r'  x'.  The  effect  of  this  is  that  the  switch  M 
must  be  closed  before  A  will  pick  up,  assuming  that  B  is 
not  in  operation.  If  A  is  running  and  B  is  to  be  thrown  in, 
then  the  switch  /.'  is  closed  and  /)"s  field  is  at  once  excited 
from  the  mains,  so  that  B  conies  up  to  voltage  almost 
immediately ;  after  the  voltage  has  been  adjusted,  switch  J/' 
may  be  thrown  in  as  before.  The  reversal  of  the  shunt- 
field  connections  on  a  dynamo  that  is  to  run  in  parallel  with 
another  dynamo  is  apt  to  give  rise  to  trouble.  If  the  field 
is  connected,  as  shown  by  the  full  lines  Fig.  5!l,  so  that  the 
machine  must  supply  its  own  field  current  before  the  main 
switch  can  he  closed,  no  trouble  is  liable  to  arise;  because, 
with  the  wrong  field  connection,  the  dynamo  cannot  gener- 
ate and  the  dynamo  tender  or  switchboard  attendant  will 
notice  that  the  machine  does  not  pick  up  and  will  naturally 
look  for  the  trouble.      If,  however,  the  field  is   connected  in 
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1  ^eyond   the   main   switch   or  across  the  station   mains,   as 
I  shown  by  the  dotted  lines,  the  machine  becomes  separately 
rited  from  the  other  dynamos  that  happen   to  be  in  ser- 
vice.    It  therefore  generates  an  E.  M.  F.  that  is  in  just  the 
opposite  direction  that  it  should  be,  and  when  the  machines 
e  thrown  together,  a  rush  of  current  takes  place  through 
,   the  machine  with  the  reversed  field   because  its  E.  M.  F.  is 
I   the  wrong  direction  to  keep  out   the   current  from  the 
I  other  machines.     The  result  is,   therefore,   equivalent  to  a 
I  bad  short  circuit.     Reversal  of  the  shunt-field  connection  is 
not  a  common  occurrence,  but  it  has  been  known  to  happen 
where  it  has  been  necessary  to  disconnect  the  connections 
for  purposes  of  repair  or  in  order  to  move  the  dynamo. 

88.  We  will  suppose  that  the  two  shunt  machines. 
Fig.  59,  are  running  properly  in  multiple  and  will  now  see 
I  whether  their  operation  will  be  stable  or  not.  It  has  already 
I  been  said  that  one  property  of  the  shunt  dynamo  is  its  tend- 
ency to  drop  its  voltage  as  the  current  output  increases. 
I  This  fact  is  due  principally  to  the  drop  in  the  armature 
I  and  the  armature  reaction,  as  explained  elsewhere.  Now 
I  suppose  that  the  voltage  of  A  should  drop  slightly  on 
'  account  of  a  drop  in  speed  or  from  any  other  cause.  The 
I  tendency  will  be  to  throw  the  bulk  of  the  load  on  />',  with 
j  the  result  that  fl's  voltage  will  also  drop  on  account  of  the 
I  above-mentioned  property  of  the  shunt-wound  dynamo. 
\  The  dropping  of  j5's  voltage  will  relieve  it  of  part  of  its  load 
r  iind  will  make  it  divide  with  .,-/.  It  is  thus  seen  that  there  is 
I  an  automatic  tendency  for  the  load  to  equalize.  Again,  sup- 
l  pose  that  each  machine  is  carrying  a  certain  load  and  that  ihe 
I  load  on  the  line  is  suddenly  increased,  and  that  machine  Ji 
I  takes  more  than  its  share  of  the  current;  the  large  current 
J  delivered  by  B  will  cause  its  E.  M.  F.  to  drop  to  more 
rociirly  that  of  A,  and  the  load  will  thus  be  equalized.  If  the 
ftvoltage  of  one  machine  should  for  any  reaSon  become  so 
low  that  the  other  machine  runs  it  as  a  motor,  no  harm  is 
hiable  to  result,  because  the  direction  of  rotation  of  the 
Cmachine  as  a  motor  will  be  the  same  as  it  is  when  being 
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driven  by  tlic  engine  as  a  dynamo.  Ah  far  as  parallel  run- 
ning goes,  the  shunt-woand  dynamo  is  satisfaclory,  but  it 
has  been  replaced  by  the  compound- wound  machine,  because 
the  Utter  will  maintain  the  line  voltage  with  an  increase  of 
load;  whereas,  with  shmit-wound  machines,  the  line  voltage 
wilt  fall  off,  unless  the  switchboard  attendant  cuts  out  somt 
&eld  resistance. 


ro»«Porwi»-worwD  machixes  ix  varalusi.. 
K3.    Since  the  componnd- wound  machine  is  a  combina- 
tion >«f  the  series  and  shunt  machines,  one   would   naturally 
inter  that  the  arrangement  fur  ))ara)k-l  running  would  be  a 
combination  of  the  two  preceding  ones.     Fig.  i)(>  shows  the 


t^O.(DL 

connections  in  their  simplest  jiosBibtc  form;  wc  have  two 
machines  A  and  /i  of  equal  size  and  the  equalizer  £  run- 
ning directly  lietween  them;  r  and /arc  thu  +  terminals  of 
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the  machine,  while  ci/ and/f  represent  the  leads,  cir  cables, 
running  to  the  switchboard;  ^// and  k/  are  the  negative 
leads  running  to  the  negative  bus-bar  ///.  There  would  be, 
in  practice,  a  main  switch  in  each  of  these  negative  leads, 
but  as  they  are  not  essential  for  the  present  purpose  they 
have  been  omitted,  so  as  to  make  the  figure  as  simple  as 
possible.  As  shown  by  the  full  lines  in  Fig.  CO,  the  shunt 
windings  of  the  machines  are  connected  in  what  is  known 
as  short  Hhaat;  i.  e.,  the  shunt  field  is  connected  across 
the  brushes.  Sometimes  the  shunt  field  is  connected  in 
long  shunt  across  the  terminals  of  the  machine,  as  indi- 
cated by  the  dotted  Sines  rr  and  >-'/.  It  makes  very  little 
difference  as  to  the  performance  of  the  machine  which  con- 
nection is  used. 
Most  compound-wound  machines  are  provided  with  low- 
resistance  shunts  S,  S'  across  their  series  coils  in  order  that 
the  degree  of  compounding  may  be  adjusted.  When 
machines  are  operated  in  parallel,  these  shunts  should  be 
adjusted  so  that  the  machines,  when  running  separately, 
will  give  the  same  degree  of  compounding,  which  means, 
in  the  present  case,  that  when  each  machine  is  delivering 
the  same  current,  the  voltage  generated  will  be  the  same, 
because  we  are  now  assuming  that  A  and  B  are  of  equal 
size.  Another  condition  thSt  must  be  fulfilled  is  that  the 
resistance  between  the  points  ti  and  t/  must  be  the  same  as 
between*  and  c.  Since  we  are,  for  the  present,  assuming- 
that  the  machines  are  of  the  same  size  and  make,  the  resist- 
,  ance  of  their  series  coils  oc  and  6/  will  be  almost  exactly 
I  the  same.  The  resistance  of  the  switchboard  leads  c  ti  and 
/f  must  be  the  same,  i.  e.,  of  the  same  length  and  cross- 
I  section;  the  resistance  of  the  equalizer  jE  should  be  as  low 
,  as  possible,  and  it  should  never  be  more  than  the  leads  ci/ 
I   or/c. 

84.     We  will  now  examine  the  action  of  the  machines 

I  tinder  a  varying  load.     In  the  first  place,  if  the  resistance 

[  between  an' is  equal  to  that  between  ^cand  the  machines  are 

[  delivering  equal  currents,  then  the  drop  through  ad  will 
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equal  the  drop  through  bf  and  points  a  and  fi  will  be  at 
the  same  potential.  Since  current  can  only  flow  between 
points  at  different  potentials,  there  will  be  no  current  in  E 
under  such  circumstances.  Suppose,  however,  that  A 
delivers  a  greater  current  than  /»';  then  the  drop  in  ad 
will  exceed  that  in  ^c  and  current  will  flow  through  the 
path  a-E-b-f-M'-e  and  thus  build  up  the  voltage  of 
machine  B  and  equalize  the  load.  If  B  delivers  more  cur- 
rent than  A,  the  drop  in  be  exceeds  that  in  arf  and  current 
flows  through  the  path  b-E-a-c-M-d,  builds  up  the  voltage 
of  A,  and  makes  A  take  its  share  of  the  load. 

85.  In  Fig.  60,  the  equalirer  E  is  shown  as  connecting 
the  positive  brushes.  This  is  usually  the  case  in  practice, 
though  it  would  work  just  as  well  if  both  a  and  b  were  nega- 
tive brushes  and  c,/the  negative  terminals  of  the  machines. 


The  only  thing  that  must  be  looked  out  for  is  to  see  that  the 
equalizer  connects  the  brushes  to  which  the  series  coils  are 
attached,  and  also  to  see  that  these  brushes  are  of  the  same 
polarity.     In  some  cases,  the  equalizer  wire  is  run  directly 
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k  between  the  machines,  as  shown,  but  often  a  third  wire  is 
[  run  from  points  n  and  d  to  the  switchboard  and  there  con- 
nected to  an  equalizer  bar,  as  shown  in  Fig.  61.  This  repre- 
sents a  very  common  arrangement,  triple-pole  switches 
'  being  used;  the  two  outside  blades  for  the  +  and  —  leads 
and  the  middle  blade  for  the  equalizer.  There  is  a  differ- 
ence of  opinion  as  to  whether  it  is  better  to  run  the  equal- 
izer   to    the   switchboard   or    run    it    directly    between    the 


machines,  as  in    Fig.  HO.     The  most   recent  practice   tends 

towards  running  it  directly  and  placing  the  equalizer  switch 

I  near  the  machine.      This  undoubtedly  tends  to  make  the 

I   connections   shorter   and   thus   leads  to  better  regulation. 

In  such  cases,  the  equalizer  switch  is  usually  mounted  on  a 

.  pedestal  near  the  machine,  as  shown  in  Fig.  (i'i. 


80.  So  far,  in  all  that  has  been  said,  the  machines  were 
[i  supposed  to  be  alike  in  size  and  general  design.  Under  such 
L- circumstances,  there  is  generally  no  great  difficulty  in  get- 
I  ting  compound-wound  machines  to  operate  properly  in  par- 
r  ttllel.  Trouble  is  often  experienced,  however,  when  it  comes 
■  to  operating   machines  of   different   construction  and  size. 
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Some  field  magnets  will  respond  to  changes  in  field  excita- 
tion much  more  quickly  than  others,  and  other  differences 

in  design  may  have  considerable  effect  on  the  performance 
of  the  machines  when  they  are  run  in  parallel.  When  run- 
ning two  machines  of  different  size  in  parallel,  the  problem 
is  to  get  the  load  to  divide  between  them  in  proportion 
to  their  size.  For  example,  suppose  we  have  a  large 
machine  A  connected  in  parallel  with  a  smaller  machine  Ji, 
as    shown  in    Fig.    t',3.      Each    machine    is    supposed    to  be 


adjusted  so  that  it  gives  the  sam» 
when  operated  by  itself.  Also, 
delivering  its  proper  share  of  the  li 
must  equal  the  drop  between  ^i/, 
full-load  current  of  A,  R  the  resistance  between  a  and  b,  C 
the  full-load  current  of  B,  and  A"  the  resistance  between 
c  and  rf,  then  C  X  R  must  equal  C'X  R'.  Now,  the  resist- 
ance of  the  series  coils  cannot  very  well  be  altered  in  order 


degree  of  compounding 
when  each  machine  is 
id,  the  drop  between  a  b 
For  example,  if  C  is  the 
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I  to  bring  about  the  required  n>ndition  of  affairs,  so  that  the 
I 'Only  thin^  Lo  do  is  tu  insert  resistance  of  some  kind  in  the 
I  leads  f  b  oT  fd  until  the  above  drops  become  equal.  This 
I  resistance  will,  of  course,  be  very  small  and  may  be  made  up 
[■  of  a  short  piece  of  heavy  German-silver  strip  or  even  an 
[.  extra  amount  of  cable  in  one  of  the  leads.  In  the  figure, 
I  this  small  additional  resistance  is  indicated  at  x,  though  it 
I  may  be  necessary  to  insert  it  in  the  main  lead  of  machine  B. 
I  The  resistance  must  be  inserted  in  series  with  the  machine 
I  giving  the  least  drop  between  the  points  mentioned  above. 
]  Many  times  the  attempt  is  made  to  bring  about  the  adjust- 
[  ment  by  changing  the  shunts  s  s',  but  such  attempts  are 
I  useless,  because  just  as  soon  as  the  machines  are  put  in  par- 
iallel,  s  and  s'  are  also  in  parallel  and  are  practically  equiva- 
f  lent  to  one  large  shunt  across  the  fields  of  both  machines. 
I  The  consequence  is  that  any  change  in  the  shunts  affects  both 
r machines.  The  adjustment  must,  therefore,  be  made  in  the 
{main  lead  between  the  series  coil  and  the  bus-bar,  and  any 
■  resistance  so  inserted  must  have  the  same  carrying  capacity 
E  the  series  coils.  A  change  in  the  shunt  across  the  series 
I  coils  will  change  the  compounding  of  the  machines  as  a 
I  whole,  but  it  will  not  better  their  condition  as  regards  the 
[  correct  division  of  the  load. 

87.  The  above  are  some  of  the  main  features  connected 
with  the  running  of  compound -wound  machines  in  multiple. 

I  In  street-railway  work,  the   load  fluctuates  through    wide 
'ranges  and  with  great  rapidity,  and  the  proper  running  in 
multiple  there  represents  more  difficulties  than  in  any  other 
line  of  work.      For  the  present,  all  that  we  wish  to  call  atten- 
tion lo   are   the  important  points  connected  with   parallel 
1  running  under  normal  conditions, 

88.  Cotnponnd  Hnchlncs  tn   UnUiple  With   Sliunt 
^Hachlncs. — It  is  not  practicable  to  run  a  compound-wound 

ichinc   in  multiple  with  a  shunt   machine.     If,   for  any 
»son,  the  compound-wound  machine  lakes  a  little  more 
1  its  share  of  the  load,  the  strengthening  of  its  series 
I'Coits  makes  it  still  further  overload  itself,  with  the  result 
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that  the  field  rheostat  of  the  shunt  machine  calls  for 
constant  attention.  The  only  way  to  run  this  combination 
satisfactorily  is  either  to  cut  out  the  series  coils  of  the  com- 
pound-wound machine,  thereby  making  both  plain  shunt 
machines,  or  else  to  provide  the  shunt  machine  with  com- 
pound coils. 


ALTEBNATOns. 

89,  Alternators  may  be  operated  in  parallel,  although 
they  are,  as  a  rule,  more  troublesome  than  direct-current 
machines.  This  is  especially  the  case  if  they  are  very  differ- 
ent in  size  and  design.  For  example,  alternators  with  the 
old-style,  smooth-core  armatures  are  hard  to  run  in  parallel 
with  modern  machines  having  toothed  armatures.  In  fact. 
in  many  of  the  older  lighting  Stations  special  precautions 
were  taken  at  the  switchboard  tb  see  that  two  alternators 
should  never  be  thrown  in  paralll-1.  In  modern  plants, 
however,  parallel  running  is  quite  common,  and  if  proper 
care  is  taken,  the  machines  may  be  thrown  together  without 
danger. 

90.  Alternators  are  operated  Ih  parallel  in  much  the 
same  way  as  direct-current  machines,  so  far  as  connections 
are  concerned;  t.  e.,  they  are  usually  connected  to  bus-bars 
through  the  intervening  main  switches.  If  the  alternators 
are  compound-wound,  an  equalizing  connection  should  be 
used;  but  very  many  of  these  machines  are  operated  with  a 
separately  excited  field  only  and  no  equalizing  connection  is 
necessary,  the  whole  scheme  of  connection  corresponding 
more  nearly  to  the  running  of  shunt-wound  machines  in 
parallel. 

Suppose  that  we  have  two  single-phase  alternators  A  and 
B  connected  in  parallel.  In  order  that  the  machines  may 
operate  properly  and  each  take  its  proper  share  of  the  load,  it 
is,  of  course,  necessary  to  have  their  voltages  equal.  There 
is  another  important  condition  that  must  also  be  fulfilled ;  the 
machines  must  be  in  sjiichronlsm.     By  this  is  meant  that 


pfi 


ELECTRIC  TRANSMISSION. 


7& 


the  K.  M.  F.  of  A  must  come  to  its  maximum  value  at  just 
the  same  instant  as  the  E.  M.  F,  of  /?,  or  in  other  words, 
the  electromotive  forces  of  the  two  machines  must  vary  in 
unison  or  be  in  phase  with  each  other.  This  means  that 
both  machines  must  run  at  exactly  the  same  frequency,  for 
if  this  were  not  the  case,  they  would  get  out  of  step.  Before 
two  alternators  are  thrown  in  parallel,  equality  of  frequency 
is  the  most  important  condition  to  be  fulfilled.  A  slight  dif- 
ference in  phase  will  cause  an  e.xchange  of  current  between 
the  machines,  but  they  will  pull  each  other  into  phase  if  the 
frequencies  are  equal. 

91.  Sj-nchroulzlng. — The  state  of  synchronism  is  usu- 
ally ascertained  by  means  of  jsyncIironlzlnK  lamps  placed  on 
the  switchboard  and  connected  as  shown  in  Fig.  (14.    T,   T 


[•are  two  small  transformers  having  their  primary  coils  con- 
nected to  the  alternators,  as  shown.  It  should  be  noted 
that  similar  terminals  1,  1'  are  connected  to  similar  sides  of 
the   machines.      The   secondaries  are  connected   in   series 
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^Hhroagb  «  p«ir  ci<  lamps/,  /and  a  [>(ug  switcli  mi.  If  the 
^^nachines  are  exactly  in  phase,  terminals  S  and  S'  will  have 
the  same  polarity  al  the  same  instant  and  the  iK>larity  of 
4  and  {'  will  aUci  be  alike.  But  fiincc  like  terminals  are 
connected  together,  the  two  secondary  voltages  will  just 
aeutraiize  each  other,  as  indicated  by  the  arrows,  and  the 
lamps  will  not  glow.  If  the  machines  were  directly  oppo- 
site in  phase,  the  lamps  would  light  up  to  full  candlepower. 
It  is  evident  that  by  reversing  the  connections  of  one  of  the 
transformers  the  state  of  synchronism  will  be  indicated  by 
the  lamps  being  bright,  but  we  will  assume  that  they  are  con- 
nected as  shown  in  the  figure.  When  machine  li  is  started 
and  the  plug  ts  inserted  at  w,  the  lamps  rapidly  fluctuate  id 
brightness;  but  as  B  comes  more  nearly  in  synchronism  the 
fluctuations  become  much  slower.  When  they  have  become 
as  slow  as  one  in  a  or  3  seconds,  the  main  switch  M'  is  thniwn 
in  at  the  middle  of  one  of  the  beats  when  the  lamps  arc  dark. 
In  many  cases,  the  connections  arc  so  made  that  the  lamps 
are  bright  when  synchronism  is  attained,  because  there  is 
a  considerable  interval  during  which  the  lamps  ar«  dark. 
Whether  the  state  of  synchronism  will  be  indicated  by  light 
or  dark  lamps  depends  simply  on  whether  the  transformer 
secondaries  are  connected  so  as  to  assist  or  to  oppose 
other, 


WJ.  SynchFonialng  Two-Phww  and  Tliroe-l 
URchlncs. — Fig.  ti4  shows  the  synchroniiing  arrangenicnl 
for  a  single-phase  machine.  For  a  two-phase  or  three-phase 
machine  the  same  arrangement  may  be  used,  only  care  must 
be  taken  to  m.ike  sure  that  the  transformers  T.  T'  are  con- 
nected to  corresponding  phases  on  each  of  the  machines. 
This  may  be  determined  by  using  two  pairs  uf  transformers; 
i.  c.,  one  regular  pair,  as  in  Fig.  04,  and  a  temporary  pair 
on  one  of  the  other  phases.  For  example,  on  a  iwo-phase 
machine  an  arrangement  similar  to  that  shown  in  Fig.  04 
should  be  made  for  each  of  the  phases,  and  when  the 
nections  are  right,  each  set  of  phase  lamps  will  light 
become  dark,  as  the  case  may  be,  at  the  same  lime,  showi 
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t  both  phases  are  ready  for  parallel   operation.     After  it 
is  known  that  the  connections  are  all  right,  the  temporary 
pair  of  transformers  may  be  removed  and  only  one  pair  used, 
I  as  in  Fig.  G4. 

93.  S.^mclironlzliig    IiLstrunients. — A  number  of   dif- 
I    ferent  styles  of  instruments  have  been  designed  to  indicate 

when  two  alternators  are  in  synchronism,  and  these  are  now 
used  to  a  considerable  extent  in  place  of  lamps.  In  some 
cases  the  lamps  are  replaced  by  a  voltmeter.  Another  device 
consists  of  a  pointer  actuated  by  two  small  synchronous 
motors  that  are  operated  by  the  two  machines  to  be  syn- 
chronized. When  the  machines  are  in  synchronism,  these 
two  small  motors  run  at  exactly  the  same  speed.  When 
they  differ,  the  small  motors  run  at  different  speeds,  and  the 
pointer  on  the  dial  indicates  that  the  machines  are  out  of 
synchronism, 

94,  If  alternators  are  thrown  in  parallel  before  they 
are  brought  into  phase,  a  heavy  cross  current  will  flow 
between  them  and  damage  may  result.  When  they  are  run- 
ning together,  each  alternator  will  hold  the  other  in  step 
and  they  will  both  run  at  such  a  speed  as  to  give  the  same 
frequency;  if  they  happen  to  have  the  same  number  of 
poles,  the  speeds  will  be  exactly  the  same.  Each  alternator 
will  deliver  current  in  proportion  to  the  power  supplied  it 
by  the  engine.  The  amount  of  current  delivered  by  each 
alternator  will  also  depend  on  its  field  excitation.     If  the 

I  field  excitation  of  the  machines  is  not  maintained  at  the 
,  proper  amount,  there  will  be  an  idle  current  flowing  between 
(  the  alternators  and  the  sum  of  the  currents  furnished  by  the 
machines  will  be  considerably  greater  than  the  current 
'  delivered  to  the  line.  The  field  excitation  should  be  such 
I  that  the  sum  of  the  currents  delivered  by  the  individual 
[  machines  will  be  as  nearly  as  possible  equal  to  the  current 
I  delivered  to  the  line.  When  running  alternators  in  mul- 
1  tiple,  it  is  best  to  let  one  engine  do  most  of  the  governing 
I  and  have  the  second  governor  arranged  so  that  it  will  act 
F  slowly  and  will  let  the  first  governor  take  care  of  the  finer 
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adjustments  in  speed.  When  machines  are  bclt-drivcn, 
great  care  must  be  taken  to  see  that  the  pulleys  are  exactly 
the  correct  dimensions  to  give  the  speeds  required  for 
operating  in  synchronism;  because  if  this  is  not  the  case, 
there  will  be  considerable  belt  slippage  and  there  will  also 
be  considerable  cross  current  between  the  two  machines. 
The  running  in  multiple  of  alternators  coupled  direct  to 
engines  often  presents  difficulties  on  account  of  the  rotary 
motion  of  the  engines  not  being  absolutely  uniform.  This 
is  especially  the  case  if  the  engines  are  provided  with  light 
flywheels  or  poor  governors.  It  does  not  take  much  angular 
variation  between  the  two  engines  to  throw  the  machines 
out  of  synchronism  and  thus  cause  cross  currents  to  seesaw 
between  the  alternators,  In  cases  where  it  is  projMised  to 
operate  direct-connected  alternators  in  multiple  or  direct- 
connected  machines  in  parallel  with  belled  machines,  full 
details  should  be  furnished  to  the  manufacturers,  so  that  the 
engines  and  dynamos  may  be  fitted  to  this  class  of  work. 

05.  All  cables  running  from  the  dynamos  to  the  switch- 
board should  have  a  cross-section  of  at  least  l.flIK)  circular  mils 
per  ampere.  If  two  machines  are  run  in  parallel,  the  equal- 
izing cable  should  have  a  cross-section  of  1,500  circular  mils 
per  ampere  of  the  full-load  current  of  the  machines  to  w^hich 
it  connects.  Generally  speaking,  the  lower  the  resistance 
of  the  equalizer  cables  the  better  will  the  machines  operate. 
All  main  leads  running  from  the  machines  to  the  switch- 
board should  be  of  a  first-class  quality  of  rubber-covered 
cable,  and  where  high-tension  alternating-current  machines 
are  used,  special  precautions  should  be  taken  to  secure  high 
insulation  of  the  wires  and  avoid  crossings  as  much  as  pos- 
sible. 
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QUESTIONS   AND   EXAMPLES 

Relating  to  the   Subjects 
Treated  op  in  this  Volume. 


It  will  be  noticed  that  the  Examination  Questions  that 
follow  have  been  divided  into  sections,  which  have  been 
given  the  same  numbers  as  the  Instruction  Papers  to  which 
they  refer.  No  attempt  should  be  made  to  answer  any  of 
the  questions  or  to  solve  any  of  the  examples  until  that 
portion  of  the  text  having  the  same  section  number  as  the 
section  in  which  the  questions  or  examples  occur  has  been 
carefully  studied. 
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OPERATION    OF 
DYNAMOS  AND   MOTORS. 


EXAMINATION  QUESTIONS. 

(1)  Why  should  the  operation  of  emery  wheels,  grinders, 
and  speed  lathes  and  the  handling  of  coal  not  be  allowed  in 
the  same  room  with  dynamos  and  engines? 

(2)  (a)  On  what  machines  arc  copper  brushes  generally 
used  ?     (i)   How  are  copper  brtishes  generally  set  ? 

(9)  How  are  {a)  copper  and  {/i)  carbon  brushes  shaped  to 
fit  the  commutator  ? 

(4)  What  does  the  odor  of  hot  oil  around  a  machine  usu- 
ally indicate  ? 

(5)  State  three  possible  causes  for  the  refusal  of  a  direct- 
current   shunt   motor  to  start  after   the  main   switch  has 

'   been  closed  and  the  starting  device  properly  operated. 

(6)  To  what  may  the  sparking  at  the  brushes  of  a 
dynamo  be  due  ?     Give  at  least  four  causes  of  sparking. 

(7)  What  test  may  be  used  to  locate  defecli 
I  ture  ? 

(8)  How  would  you  test  the  field  coils  of  a  dynamo 
I  determine  whether  any  of  them  were  open-circuited  or 
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{'A)  Why  should  neither  ordinary  oil,  in  any  considerable 
quantity,  nor  emery  cloth  be  used  on  commutators  or 
brushes  ? 

(10)  Why  are  carbon  brushes  used  on  high-voltage 
dynamos,  especially  when  they  are  subject  to  sudden  and 
violent  changes  in  the  load  that  cannot  be  met  by  shifting 
the  brushes  ? 

(11)  How  are  (a)  high  and  [/')  low  bars  in  commutators 
remedied  ? 

(12)  What  is  the  result  of  continually  overloading  a 
dynamo  ? 

(13)  How  docs  a  shunt  motor  act  when  the  shunt  field  is 
opened  while  the  motor  is  running  ? 

{14-)  Give  three  diiferent  methods  for  starting  upa  rotary 
transformer, 

(15)  How  does  a  short-circuited  field  coil  on  a  shunt 
dynamo  affect  the  other  field  coils  ? 

(16)  Describe  at  least  one  method  for  locating  a  short- 
circuited  armature  coil. 

(17)  In  making  a  bar-to-bar  test  around  an  armature, 
what  would  be  indicated  (rt)  by  an  unusually  large  deflec- 
tion of  the  galvanometer  or  other  testing  instrument  used  ? 
{d)  by  an  unusually  small,  or  no,  deflection  ? 

(18)  («)  What  is  the  objection  to  having  the  pressure 
between  a  brush  and  the  commutator  too  great  ?  (d) 
What  is  the  objection  to  having  it  too  small  ? 

(19)  ((?)  What  does  a  narrow  scratch  or  several  of  them 
all  around  a  commutator  usually  indicate  ?  (<*)  What  is 
the  remedy  ? 

(M)  What  is  the  advantage  of  staggering  the  brushes 
on  a  commutator  and  having  end  play  for  the  armature  ? 

(21)  What  would  a  grinding,  rumbling  noise,  accom- 
panied by  excessive  sparking  and,  perhaps,  some  slipping  of 
the  belt,  indicate  in  a  dynamo  or  motor  ? 
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(22)  What  would  be  the  effect  of  having  one  field  coil 
reversed  in  (a)  a  dynamo  ?  (d)  a  motor  ? 

(23)  State  two  reasons  why  a  simple  shunt  dynamo  may 
refuse  to  generate  when  properly  rotated  at  normal  speed. 

(24)  How  are  synchronous  motors  generally  started  ? 

(25)  If  only  one  coil  in  a  motor  or  dynamo  armature, 
when  revolving  at  normal  speed  in  its  own  normal  field, 
becomes  abnormally  hot,  what  defect  is  indicated  ? 

(26)  What  does  a  broad  scratch  around  the  surface  of  a 
commutator  indicate  ? 

(27)  How  would  you  start  an  induction  motor  ? 
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EXAMrNATION  QUESTIOJfS. 

(1)  What  is  the  relation  in  a  direct-current  motor  arma- 
ture between  the  E.  M.  F.  at  the  brushes,  the  counter 
E.   M.    F.,  and    the   drop    or  fall  of    potential   through  the 

I  armature  ? 

(2)  Why  will  not  an  ordinary  series-wound  dynamo, 
'  without  regulating  devices,  give  a  constant  current  through 
i   a  circuit  of  varying  resistance  ? 

(S)  How  is  the  Thomson-Houston  constant-current 
dynamo  regulated  to  give  a  constant  current  ? 

(4)  A  certain  series-wound  motor  is  tested  with  a  Prony 
I  brake,  the  distance  from  the  center  of  the  shaft  to  the  point 
where  the  arm  of  the  brake  rests  on  the  scale  platform  being 
I  36  inches.  The  brake  is  tightened  until  the  pressure  on  the 
I  platform  is  27  pounds,  when  the  following  readings  are  taken: 
[  Current  to  motor,  35  amperes;  volts  at  terminals,  480; 
speed,  900  R.  P.  M.  (n)  What  is  the  output  of  the  motor 
'  in  H.  P.?     (b)   What  is  its  efficiency  at  this  output  ? 

j  («)     13.88  H.  P. 
■^"'"  '(*)     8fi..3perc 
(fi)     Draw  a  diagram  showing  the  connections  of  a  shunt 
I  wound  motor  with  main  switch,  reversing  switch,  starting 
I:  .resistance,  and  fuse  boK. 
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(6)  How  may  the  speed  of  a  direct -current  shunt  motor 
be  varied  7 

(7)  When  two  coils  or  sets  of  coils  in  an  open-coil 
con  St  ant -current  armature  are  connected  in  parallel  by  the 
brushes  and  the  E.  M.  F.  in  one  coil  is  less  than  that  in  the 
other,  why  does  not  a  current  flow  from  the  coil  having 
the  higher  E,  M.  P.  around  through  the  other? 

(8)  How  may  the  speed  of  a  direct-current  series-wound 
motor  be  varied  ? 

(it)  (a)  What  three  general  methods  of  regulation  are 
used  with  closed-coil  constant -current  dynamos  ?  (^)  Which 
of  the  three  is  most  generally  used  ? 

(10)  A  certain  motor,  being  tested  with  a  Prony  brake, 
is  found  to  have  85  per  cent,  efficiency  when  taking  an  input 
of  :y,i  amperes  at  230  volts.  If  the  arm  of  the  brake  is  2  feet 
long,  from  center  of  shaft  to  point  where  it  rests  on  the 
scale  platform,  and  the  pressure  on  the  scale  platform  is 
20  pounds,  at  what  speed  (to  the  nearest  whole  revolution)  is 
the  motor  running  ?  Ans,  1,136  rev.  per  min. 

(11)  Why  is  the  starting  resistance  of  a  shunt-wound 
motor  not  included  in  the  field  circuit  ? 

(12)  Why  is  it  that  there  is  no  E.  M.  F.  generated  in  the 
coil  of  a  Westinghouse  constant-current  dynamo  that  is 
directly  under  a  pole  piece  ? 

(i:i)  What  is  the  character  of  the  current  in  the  external 
circuit  of  open-coil  constant-current  dynamos? 

(14)  How  many  sets  of  brushes  must  be  provided  for  a 
parallel-  or  lap-wound  drum  armature  ? 

(15)  IIow  many  sets  of  brushes  need  be  provided  for  a 
series-  or  wave-wound  drum  armature  ? 

(I  li)     What  limits  the  output  of  constant-current  dynamos  ? 

(17)  What  would  be  the  successive  combinations  that  any 
particular  coil   in  the   Thomson- Houston  const  ant -current 


M  31  DYNAMO-ELECTRIC  MACHINERY.  3 

I  dynamo  makes  with  the  uther  coils  during  a  half  revolution, 
1  starting  from  a  position  where  it  is  not  active  ? 

(18)  A  certain  shunt-wound  motor  takes  a  current  of 
6  amperes  at  125  voits  when  running  free.  Its  armature 
resistance  is  .04  ohm  and  its  field  resistance  113.5  ohms. 
(rt)  "What  would  be  its  output  in  H.  P.  when  taking  a 
current  of  T7  amperes  at  I'iS  volts  ?  {d)  What  would  he  its 
efficiency  at  this  output  ? 

Note. — As  tlie  method  of  finding  the  output  and  efficiency  that 
'  should  be  used  in  solving  the  above  problem  is  not  strictly  accurate. 
I   four  figures  are  enough  to  retain  in  calculations  or  results. 

Ha)     11.78  H.  P. 
>(/>)      91.17  percent. 

(19)  How  is  the  E.  M.  F.  of  the  Excelsior  constant- 
'  current  dynamo  regulated  to  give  a  constant  current  ? 

(30)  How  much  current,  relative  to  the  total  current 
output  of  the  armature.  Hows  in  an  armature  conductor  of  a 
parallel-  or  lap-wound  armature  for  a  six-pole  machine  ? 

(21)  To  reverse  the  direction  of  rotation  of  a  motor, 
what  changes  in  the  connections  are  necessary  ? 

(22)  What  limits  the  output  of  a  direct-current  constant- 
potential  motor  ? 

(33)  On  what  quantities  does  the  torque  of  a  direct- 
current  motor  depend  f 

(24)  How  may  the  applied  E.  M.  F.  of  a  direct-current 
motor  be  varied  ? 

(25)  (a)  In  a  series-wound  drum  armature  does  the 
I  Strength  of  current  in  the  armature  conductors  depend  on 
I  the  number  of  brushes  used  ?  {//)  How  much  current,  rela- 
[■  tive  to  the  total  current  output  of  the  armature,  flows  in  the 
[•  armature  conductors  of  a  series-wound  drum  armature  ? 

(36)  To  what  classes  of  work  are  (a)  shunt-wound  direct- 
I  current  motors  applicable  ?     (i)  series-wound  motors  ? 
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{27)  How  are  the  devices  for  shifting  the  brushes  of 
Cfjnstant -current  dynamos  with  closed-coil  armatures  usually 
thrown  into  or  out  of  action  ? 

(28)  Which  armature  winding,  a  parallel  or  series,  is 
most  suitable  and  why  {a)  for  a  machine  that  has  to  furnish 
a  comparatively  large  current  at  a  comparatively  low  volt- 
age, and  (li)  for  a  machine  that  has  to  furnish  a  compara- 
tively small  current  at  a  comparatively  high  voltage  ? 

(89)  Why  should  the  field  circuit  of  a  shunt-wound  motor 
never  be  opened  as  long  as  the  armature  is  connected  in  the 
circuit  ? 
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ALTERNATING  CURRENTS. 


EXAMINATION  QUESTIONS. 

(1)  What  is  meant  {a)  by  a  cycle  ?  (i)  by  an  alterna- 
tion ? 

(3)  (a)  What  is  meant  by  the  frequency  of  an  alternating 
current  or  E,  M.  F,?  (i>)  What  is  meant  when  it  is  said 
that  an  alternating-current  dynamo  is  a  tJO-cycle  machine  ? 

(3)  What  is  the  chief  difference  between  a  direct  current 
and  an  alternating  current  ? 

(4)  If  an  alternator  generates  an  E.  M.  F.  that  passes 
through  15,000  alternations  per  minute,  what  is  the  fre- 
quency of  the  E.  M.  F.  in  cycles  per  second  ? 

Ans.  125  cycles  per  sec. 

(6)  (a)  When  are  two  alternating  E.  M.  F. 's  or  currents 
of  the  same  frequency  said  to  be  in  phase  ?  {^)  When  are 
they  out  of  phase  ? 

(6)  {a)  Can  two  alternating  currents  that  are  in  phase  be 
added  together  in  the  same  way  as  direct  currents  ?  {d)  If 
an  alternator  supplies  three  circuits  A,  B,  and  C  with  10, 
30,  and  25  amperes,  respectively,  and  if  the  currents  in  all 
three  circuits  are  in  jfhase  with  each  other,  what  is  the  total 
current  furnished  by  the  alternr-tor  ?     Ans,    {b)  65  amperes. 


1 


1  ALTERNATING  CURRENTS.  g  13 

(7)  What  is  meant  when  il  is  Baid  that  one  alternator  is 

brought  into  synchronism  with  another  ? 

(8)  An  alternator  supplies  two  circuits  A  and  B  with  cur- 
rents of  8  amperes  and  Vi  amperes,  respectively.  These 
two  currents  are  not  in  phase  with  each  other  because  one 
circuit  supplies  a  load  of  lamps  and  the  other  a  load  of 

lolors  that  have  considerable  self-induction.  Will  the  total 
current  supplied  by  the  alternator  be  20  amperes,  and  if  not, 
will  it  be  more  or  less  than  30  amperes?  Give  reasons  for 
your  answer. 

(9)  If  two  currents  arc  said  to  differ  in  phase  by  00°, 
what  part  of  a  complete  cycle  does  one  lag  behind  the 
other  ? 

(10)  When  are  two  alternating  currents  said  to  be  in 
quadrature  or  at  right  angles  to  each  other  ? 

(11)  What  do  you  understand  by  (a)  a  two-phase  system  ? 
(A)  a  three-phase  system  ? 

(12)  A  two-phase  system  is  operated  by  means  of  three 
wires,  the  center  wire,  serving  as  a  common  return,  {/i)  If 
the  current  in  each  of  the  outside  wires  is  200  amperes,  what 
will  be  the  current  in  the  common  return  wire  ?  {i>)  If  the 
voltage  between  each  outside  wire  and  the  middle  wire  is 
1,100,  what  will  be  the  voltage  between  the  two  outside 
wires?  .  J  (rt)     282.8  amperes. 

"^'     '  (i)     1,555.4  volts. 
(1.^)     Why  is  it   not   necessary  to  use  a  common  return 
wire  with  a  balanced  three-phase  system  ? 

(14)  An  alternator  supplies  current  to  a  balanced  three- 
phase  circuit.  If  at  a  particular  instant  the  current  in  one 
wire  A  is  at  its  maximum  value  of  100  amperes  and  is  flow- 
ing oil/  from  the  alternator,  what  is  the  amount  and  direction 
of  the  currents  in  the  other  two  wires  B  and  Cl 

Ans.   50  amperes  flowing  f». 

(15)  (/7)  What  do  you  understand  by  the  maximum 
value  of  an  alternating  current  or  E.  M.  F.?     (6)  What  is 
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Ans.  ■ 


meant  by  the  average  value?  (c)  What  is  the  relation 
between  the  average  value  and  the  maximum  value  for  an 
ordinary  smooth  wave  E.  M.  F.  or  current  ? 

(10)  (fl)  What  is  meant  by  the  effective  value  of  an 
alternating  current  ?  (/')  What  is  its  relation  to  the  maxi- 
mum value  ? 

(17)  (rt)  What  is  meant  when  it  is  stated  that  an  alter- 
nating current  of  50  amperes  is  flowing  in  a  circuit  ? 
(6)  What  is  the  maximum  value  that  the  current  reaches, 
and  between  what  limits  does  the  current  alternate  ? 
(<)   What  is  the  average  value  of  the  current  ? 

J  (<*)     70.7  amperes,  +70.7  and  -70.7. 
I  (c)     45  amperes,  nearly. 

(Ifi)  (a)  What  do  you  understand  by  the  E.  M.  F.  of 
self-induction  ?  (/r)  If  a  continuous  current  is  allowed  to 
flow  steadily  through  a  coil  of  wire  that  is  wound  on  an  iron 
core,  is  any  self-induced  E.  M.  F.  set  up,  and  if  not,  why  ? 

(19)  (a)  What  is  meant  by  the  coefficient  of  self-induction 
or  inductance  of  an  electrical  circuit  or  device  ?  (A)  What 
unit  is  used  to  measure  the  coefficient  of  self-induction  ? 
(<■)  Would  a  coil  wound  on  an  iron  core  have  a  greater 
coefficient  of  self-induction  than  the  same  coil  wound  on  a 
wooden  core,  and  if  so.  why  ? 

(20)  What  effect  has  self-induction  in  an  alternating- 
current  circuit  as  regards  the  phase  relation  of  the  current 
and  E.  M.  F.? 

(21)  If  an  alternating  current  is  sent  through  a  circuit 
containing  self-induction,  (a)  what  phase  relation  does  the 
E.  M.  P.  o/ self-induction  bear  to  the  current  ?     (d)  What 

I  phase  relation  does  the  E.  M.  F.  tooz'frconie  the  self-induced 
,  E.  M,  F.  bear  to  the  current  ? 

If  a  current  of  5  amperes  at  a  frequency  of  ilO  cycles 
per  second  is  sent  through  a  coil  having  an  inductance  of 
.02  henry,  what  will  be  the  induced  E.  M.  F.  set  up  in  the 
Ans.  37.7  volts. 
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(■i-l)  An  allcrnatiiin  current  is  sent  through  a  circuit  in 
whi»'h  the  induced  E.  M.  F.  is  20  volts  and  the  E.  M,  K. 
necessary  to  overcome  resistance  is  H  vults.  What  must  lie 
the  value  of  the  impressed,  or  applied,  E.  M.  F.  ? 

Ans.  21.54  volts.  . 

(34)  (a)  What  is  meant  by  the  reactance  of  a  circuit  ? 
{d)  To  what  is  the  reactance  equal  ?  (c)  What  unit  is  used 
to  measure  reactance  ? 

(36)  (iJ)  What  is  meant  by  the  impedance  of  a  circuit  ? 
{/>)  To  what  is  the  impedance  equal  ?  (c)  In  terms  of  what 
unit  is  impedance  expressed  ? 

(26)  Give  the  formula  showing  the  relation  between  the 
current,  the  applied  E.  M.  F.,  and  the  impedance;  in  other 
words,  give  the  form  that  Ohm's  law  assumes  for  alterna- 
ting-current circuits. 

{it)     An    alternator    supplies    current   at   tiO  cycles  to  a 

circuit  that  has  a  resistance  of  20  ohms  and  an  inductance 

of  .1  henry.     The  applied   E.  M.  F.  is   1,000   volts.     Find 

(a)  the  reactance  of  the  circuit ;  (^)  the  impedance ;  (c)  the 

current     that     will     flow     under     the    applied     pressure    of 

1,000  volts;  (rf)  the  current  that  would  flow  if  the  circuit 

had  no  self-induction.  f  {a)     37.7  ohms,  approximately. 

.        I  {^}     i'i.l  ohms,  approximately. 

1  (<:)      23.4  amperes. 

[  ((/)     50  amperes. 

(28)  What  effect  has  electrostatic  capacity  on  the  phase 
relation  of  the  current  and  the  E.  M.  F.  in  an  alternating- 
current  circuit  ? 

(29)  If  an  alternator  supplies  current  to  any  circuit  or 
electrical  device  and  if  the  current  and  E.  M.  F.  differ  in 
phase,  can  the  number  of  watts  expended  be  obtained  by 
multiplying  the  number  of  volts  by  the  number  of  amperes, 
as  in  the  case  of  direct -cur  rent  circuits,  and  if  not,  why  ? 

(30)  (a)  What  is  meant  by  the  power  factor  of  an  alter- 
nating-current circuit  or  device  ?     (i)  What  is  the  value  of 
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the  power  factor  for  direct-current  circuits  or  for  non-induc- 
tive, alternating-current  circuits  ? 

(31)  An  alternating-current  motor  when  carrying  a  cer- 
tain load  took  50  amperes  at  100  volts,  as  measured  by  an 
ammeter  and  voltmeter.  When  a  wattmeter  was  connected, 
it  was  found  that  the  actual  number  of  watts  supplied  was 
4,200.  What  was  the  power  factor  of  the  motor  for  the 
given  load  ?  Ans.  .  84. 


ALTERNATING  CURRENTS. 

(PART  2.) 


EXASTINATION  QlfESTIONS. 

(1)  ((T)  How  is  a  squirrel-cage  induction-motor  armature 
constructed?  (d)  Explain  how  the  currents  are  set  up  in 
such  an  armature. 

(2)  Why  is  it  necessary  to  insert  a  resistance  in  series 
with  either  the  armature  or  field  of  an  induction  motor  when 
starting  the  motor  ? 

(3)  (a)  What  is  an  inductor  alternator  ?  (6)  Does  an 
inductor  alternator  require  any  moving  wire  or  collector 
rings  ? 

(4)  How  is  the  winding  of  a  three-phase  alternator 
arranged,  i.  e.,  how  is  the  armature  wound  so  as  to  generate 
three  currents  that  differ  in  phase  by  130°  ? 

(5)  (a)  What  is  the  difference  between  a  core  trans- 
former and  a  shell  transformer  ?  {/>)  Why  are  the  coils  of 
transformers  wound  in  sections  and  interleaved  or  else 
wound  one  over  the  other  ? 

(fi)  If  a  two-phase  rotary  converter  is  supplied  with 
alternating  current  at  a  pressure  of  350  volts,  what  will  be 
the  pressure  on  the  direct-current  side  ?  Ans.  495  volts. 

(?)  (a)  How  does  the  speed  of  an  induction  motor  vary 
with  the  load  ?  {6}  What  is  meant  by  the  slip  of  an  induc- 
.  tion  motor  ? 


il3 


I 


ccmixsTs. 


I" 


rf  tmsformation  of 
taa  COO  tarns  on  iu 
if  tbe  primaTy  is 
•S  bE  tlic  secoodarr 
Atts.  230  rolls. 
«f  am  ordiiurr  tran»- 
rcwr4db«cT  as  mach  pnwer 
(f)  What 


I 


is  to  sopplT  direct 
with  vfcat  alter- 
Jbis.  S7.3  rolls. 


:  TT^'  aiirEii'tfe  rt   ---nrTtiTTty  np  the  groaps  of 
-T-.i-~ii^  inniTur^s  in  ^  --.-fTT-n.-rr  ns*  ?     Explain 


.■  c    :t;   ^aci  -J 


lie  /r'.-.i  o(  an  alter- 
ed r  :he  in^idt  ot  the 
■,  ;«ss  '""11  the  width  of 


:a;  >■  s  r  ■  S;  iirei-^r  c-'tinecteil  to  a  waier- 
:  -t:-'  r^^- i^iU'-cs  per  ruinate  and  t?  t-i  gen- 
i  rr^-_ -eccT  ■:£  ii  oyvles  per  second :  how 
i  lie  iI-;r::.i:oc  h^ve  ?  Ans.    I^  p>ies. 

-?  i  iT^vhronocs  ai<Mor?  (.-1  H>'ir  does 
.-  ^nriTtf  witii  that  ot  an  alternator? 
i  -j;- j"e-rhije  ivnohr^C'ios  mot<ir  start  up 
wie-  ::  is  connected  to  the  line  ? 


ALTERNATING  CURRENTS. 

(18)  A  synchronous  motor  has  10  poles  and  is  operated 
r  a  25-cycle  alternator;  what  speed  (R.   P.   M.)  will  the 

motor  run  at  ?  Ans.   300  R.  P.  M. 

(19)  Why  are  open-circuit  windings  largely  used  for 
alternator  armatures  ? 

(20)  Will  changing  the  field  strength  of  a  synchronous 
[notor  alter  the  speed  of  the  machine,  and  if  not,  why  ? 

(31)  How  is  it  that  a  synchronous  motor  can  take 
Kurrent  from  the  line  in  proportion  to  its  load  without 
[changing  its  speed  ? 

(22)  (a)  What  is  a  monocyclic  alternator?  (*)  For  what 
■iind  of  work  is  the  monocyclic  alternator  used  ?  ((-)  If 
the  pressure  between  the  outside  rings  of  a  monocyclic 
alternator  is  2,200  volts,  what  will  be  the  pressure  between 
the  middle  ring  and  each  of  the  outside  rings  ? 

Ans.   (c)     1,232  volts. 
(33)     How  is  the  winding  on  an  alternator  arranged  so 
iat  the  machine  will  deliver  two  currents  that  differ  in 
ihase  by  90°  ? 

(24)  (a)  For  what  is  the  rectifier  or  commutator  used  on 
»mpoimd-wound  alternators  ?  (i)  Does  the  rectifier  change 
Jie  direction  of   the  current  in  the  lines  leading  from  the 

ifclternator,  and  if  not,  why  ? 

(25)  If  a  three-phase  rotary  converter  is  supplied  with 
Ijllternating  current  at  200  volts,  what  will  be  the  pressure 

1  the  direct-current  side?  Ans.  326.8  volts. 
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(PART  1.) 


EXAMINATION  QUESTIONS. 

(1)  (a)  What  is  an  ampere-hour  meter  ?  (d)  Would  an 
ampere-hour  meter  give  an  accurate  indication  of  the  actual 
power  supplied  to  an  induction  motor,  and  if  not,  why  ? 

(2)  Why  should  transformers  operated  on  constant- 
potential  circuits  be  protected  by  primary  fuses  ? 

(3)  (a)  Draw  a  diagram  showing  how  you  would  con- 
nect up  an  indicating  wattmeter  to  measure  the  watts 
supplied  to  a  direct-current  motor,  (d)  What  precaution 
must  be  taken  in  connecting  up  a  wattmeter  ? 

(4)  Power  is  to  be  delivered  over  a  line  the  total  length 
of  which  (both  ways)  is  5  miles;  100  horsepower  is  to  be 
delivered  at  the  end  of  the  line  and  the  pressure  at  the  dis- 
tant end  is  to  be  500  volts  when  the  100  horsepower  is  being 
delivered.  The  drop  in  the  line  must  not  exceed  50  volts 
under  full  load.  Calculate  the  cross-section  of  the  line  wire 
and  give  your  result  in  circular  mils. 

Ans.   850,800  circular  mils,  approximately. 

(5)  The  reading  of  a  customer's  meter  at  the  end  of  a 
month  was  9,995,400,  and  at  the  end  of  the  next  month  it 
was  230,200.  If  the  constant  of  the  meter  were  2  and  if  the 
customer  were  charged  5  cents  per  kilowatt-hour  for  power, 
what  would  be  his  bill  ?  Ans.  $23.48. 

J.    II.— 30 


ELECTRIC  TRANSMISSION. 


((!)  30,1)0(1  watts  are  delivered  over  a  direct -current 
transmission  line,  and  wht-n  the  line  is  carrying  this  load 
the  pressure  at  the  end  where  the  power  is  delivered  is 
600  volts,  (ii)  What  is  the  current  in  the  line  ?  {f>)  If  the 
voltage  at  the  station  at  the  time  this  load  is  being  deliv- 
ered is  525  volts,  what  is  the  drop  in  the  line  ?  (c)  How 
many  horsepower  are  I'tst  in  the  line  ?  (</)  How  many 
horsepower  are  supplied  to  the  line  at  the  power  station  ? 

f  ia)      60  amperes. 

I  (/>)      25  volts. 
^"*-  1  (c)      2.01  H.  P. 

I  (,/)     42.2  H.  P. 

(7)  ((/)  What  does  the  meter  dial  shown  in  the  figure 
read  (to  the  near- 
est hundred)  and 
explain  how  you 
obtain  the  read- 
ing? {/>)  If  the 
previous  meter 
reading  were 
;)00,4Ofi  and  the 
constant  of  the 
i  the  customer  used  since 

An,,  it"'     '»•'»»■ 


meter  +,  how  many  watt-hours  ha 
the  last  reading  ? 


I 


({d)     45,150. 

(8)  (a)  Under  what  circumstances  is  direct  current  gen- 
erally used  for  electric-power  transmission  ?  (^)  When  is 
alternating  current  used  ? 

(9)  (ii)  If  the  armature  circuit  of  a  Thomson  recording 
wattmeter  becomes  broken,  how  is  the  operation  of  the 
meter  affected  ?  {d)  What  happens  if  the  resistance  in 
series  with  the  armature  becomes  short-circuited  ?  (c)  Can 
an  induction  wattmeter  be  run  on  a  direct-current  circuit, 
and  if  not,  why  ? 

(10)  A  Thomson  meter  was  tested  by  running  it  on  a 
load  of  lamps  and  noting  the  revolutions  made  by  the  disk 
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1  a  given  lime.  The  watts,  as  calculated  by  formula  20, 
were  li'iO,  and  the  watts  indicated  by  the  standard  watt- 
meter, or  ammeter  and  voltmeter,  were  660.  (a)  What 
percentage  too  slow  was  the  meter  ?  (6)  How  could  the 
trouble  be  remedied  ? 

(11)  The  total  length  of  a  line  of  copper  wire  is  3  miles 
and  the  area  of  cross-section  of  the  wire  is  2(},C0()  circular 
mils.      What  is  the  resistance  of  the  line  ? 

Ans.   (i.58  ohms,  nearly. 

(12)  {a)  Make  a  sketch  showing  how  you  would  connect 
three  transformers  on  a  three-phase  system  with  both  their 
primaries  and  secondaries  connected  A,  {/')  If  the  primary 
voltage  were  1,100  and  if  the  transformers  were  wound  for 
a  ratio  of  10  to  ],  what  pressure  would  be  obtained  between 
the  secondary  mains  ?  Ans.   {/')     110  volts. 

(13)  {a)  What  is  meant  by  the  "  drop  "  in  a  transmission 
line  ?  (d)  On  what  quantities  docs  the  "  drop  "  depend  in 
an  ordinary  direct-current  transmission  line  ? 

(H)  500  kilowatts  are  to  be  delivered  overa  line  10  miles 
long  (one  way)  to  a  load  consisting  of  motors  and  lights. 
The  three-phase  system  ((50  cycles)  is  to  be  used  and  the 
loss  in  the  line  is  to  be  limited  to  10  per  cent,  of  the  power 
delivered,  and  the  voltage  at  the  end  of  the  line  is  to  be 
0,000.  Calculate  (a)  the  full-load  current  in  each  line; 
i)  the  size  of  line  wire  in  circular  mils  and  the  nearest 
jsize  B.  &  S. ;  (c)  the  volts  drop  in  the  line. 


Ans.  ^ 


IM 


33.95  amperes. 
3!),000  circular  mils, 
or  No.  4  B.  &  S. 
1,000  volts. 


(15)  A  wire  is  .Ol'l  inch  in  diameter;  what  is  its  area  of 
is-section  in  circular  mils  ?  Ans,  250  circular  mils. 

(16)  (o)  What  is  an  indicating  wattmeter  7     {/>)  What  is 
a  recording  wattmeter?     (r)  What  does  a  recording  watt- 

r  meter  register  ? 


} 
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(17)  Name  some  of  the  advantages  of  alternating  cur- 
rents that  render  them  well  suited  for  the  transmission  of 
power  over  long  distances  at  high  pressures. 

(18)  A  Thomson  recording  wattmeter  when  tested  made 
15  revolutions  of  the  disk  in  1  minute  and  20  seconds.  If 
the  constant  of  the  meter  was  2,  what  was  the  average 
number  of  watts  being  expended  in  the  circuit  ? 

Ans.   1.350  watts, 
(la)     (a)  What  is  a  mil  ?     (d)  What  is  a  circular  mil  ? 

(20)  The  power  factor  of  a  50i)-volt  three-phase  induc- 
tion motor  is  .80,  and  at  full  load  the  motor  takes  25  horse- 
power from  the  line.  What  will  be  the  full-load  current  in 
each  line  ?  Ans.   26.9  amperes. 

(21)  ((()  Why  is  single-phase  alternating  current  not 
tiscd  to  any  great  extent  for  power-transmission  work  ? 
(6)  For  what  class  of  work  is  it  used  ? 

(22)  Do  alternating-current  lines  have  a  greater  self- 
induction  when  they  are  strung  wide  apart  than  when  slrung 
close  together,  and  if  so,  why  ? 

(23)  Would  it  be  practicable  to  connect  two  transform- 
ers on  a  two-phase  system  with  their  primaries  connected 
across  the  two  different  phases  and  their  secondaries  in  par- 
allel with  each  other,  and  if  not,  why  ? 

(24)  Why  are  two-phase  or  three-phase  systems  used 
when  power  is  to  be  transmitted  by  means  of  alternating 
current  ? 

(25)  Why  is  direct  current  not  suited  for  the  transmis- 
sion of  power  over  long  distances  ? 

(2(i)  (a)  Make  a  sketch  showing  how  you  would  connect 
two  transformers  on  a  three-phase  system.  (6)  Is  this 
arrangement  as  good  as  the  one  using  three  transformers, 
and  if  not,  why  ?  (c)  If  you  had  to  install  three  trans- 
formers to  operate  a  50-horsepower  motor  on  a  three-phase 
system,  what  capacity  of  transformers  would  you  use  ? 
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(27)  If  it  takes  a  No.  0000  wire  to  transmit  20  horse- 
power over  a  given  distance  with  a  drop  of  10  per  cent,  of 
the  terminal  pressure  of  200  volts,  what  size  wire  would  it 
take  to  transmit  the  same  amount  of  power  over  the  same 
distance  with  the  same  percentage  loss  if  a  terminal  pres- 
sure of  400  volts  were  used  ?  Ans.   No.  3  B.  &  S. 

(28)  Why  is  it  generally  not  advisable  to  operate  a 
number  of  small  transformers  in  parallel  ? 

(29)  What  advantage  has  the  three-wire  direct-current 
system  over  the  two-wire  system  ? 

(30)  (a)  What  style  of  conductor  is  generally  used  for 
ordinary  overhead  transmission  lines  using  moderate  pres- 
sures ?  (6)  What  style  of  conductor  is  used  for  under- 
ground work  ? 

(31)  {a)  Make  a  sketch  showing  how  you  would  connect 
two  transformers  on  a  single-phase  system  so  as  to  feed  three- 
wire  secondary  mains,  (d)  How  would  you  test  the  sec- 
ondary mains  to  see  if  you  had  made  the  right  connections  ? 

(32)  (a)  Make  a  sketch  showing  how  you  would  connect 
two  transformers  with  their  primary  coils  in  parallel  across 
the  mains  and  their  secondaries  also  in  parallel,  (d)  Name 
some  of  the  precautions  that  should  be  taken  when  connect- 
ing transformers  in  this  way. 
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EXAmSATIOX  QUESTIONS. 

(1)     {a)  What  cross-section  per  ampere  should  be  allowed 
'   for  the  •[-  and  the  —  leads  running  from  a  dynamo  to  the 
switchboard?     (6)  What  cross-section  per  ampere  should  be 
[  allowed  for  the  equalizer  ? 

(3)  (a)  About  what  is  the  minimum  size  of  pole  top  that 
should  be  allowed  in  good  construction  ?  (/j)  About  how 
many  poles  should  be  used  per  mile  ? 

(3)  Name  some  of  the  advantages  and  disadvantages  of 
porcelain  insulators  as  compared  with  glass  insulators. 

(i)  What  style  of  insulator  is  commonly  used  for  ordi- 
>  nary  work  using  moderate  pressures  ? 

(6)  What  are  some  of  the  distinguishing  features  of  the 
Edison  underground -tube  system  ? 

(6)  Why  is  it  usually  desirable  to  have  manholes  venti- 
I  lated? 

(7)  What  conditions  must  be  attained  before  two  alter- 
[  nators  can  be  thrown  in  parallel  ? 

(8)  The  insulation  resistance  of  an  electric -light  system 
■  was  measured  by  means  of  a  voltmeter  having  a  resistance 
J-€>f  17,000  ohms.     When   connected  across  the  circuit,   the 

Ivolttneter  read  120  volts,  but  when  connected  between  one 
ine  and  the  ground,  it  indicated  6  volts.  What  was  the 
tsulation  resistance  of  the  svstem  ?  Ans.  391,000  ohms. 
S15 
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shunts  across  their  series  coils,  and  if  not,  how  can  they  be 
made  to  divide  the  load  in  the  proper  proportion  ? 

(20)  If  two  compound-wound  dynamos  of  unequal  capac- 
ity are  to  be  run  in  parallel,  what  relation  must  exist 
between  the  combined  resistance  of  their  series  coils  and 
connections  to  the  bus-bar  ? 

(21)  Will  shunt-wound  dynamos  operate  well  in  parallel, 
and  if  so,  why  ? 

(22)  (a)  Why  are  two  plain  series  dynamos,  run  in  par- 
allel, unstable  in  operation  ?  (6)  How  can  the  unstable  con- 
dition be  remedied  in  large  measure  ? 

(23)  (a)  About  what  voltage  is  required  per  cell  for 
charging  a  storage  battery  ?  (6)  What  voltage  is  obtained 
per  cell  on  discharge  ?  (c)  Below  what  voltage  should  cells 
not  be  discharged  ? 

(24)  Does  a  storage  cell  store  up  electricity  ?  If  not, 
what  does  it  do  ? 

(25)  (a)  How  is  the  capacity  of  a  storage  battery  usually 
expressed  ?  (d)  If  a  battery  is  discharged  at  a  high  rate, 
will  its  total  output  be  diminished  ? 

(26)  (a)  How  is  the  true  efficiency  of  a  storage  bat- 
tery obtained  ?  {b)  What  is  the  ampere-hour  efficiency  ? 
(c)  Why  IS  the  watt-hour  efficiency  always  less  than  the 
ampere-hour  efficiency  ? 

(27)  When  a  storage  cell  is  charged,  what  is  formed  on 
(a)  the  positive  plate  ?  (d)  the  negative  plate  ?  (r)  What 
changes  do  these  substances  undergo  when  the  cell  is  dis- 
charged ? 

(28)  What  is  meant  by  the  positive  plate  of  an  ordinary 
storage  cell  ? 

(29)  What  is  the  difference  between  a  Plants  type,  or 
formed  storage  cell,  plate,  and  a  Faure,  or  pasted,  plate  ? 


A  KEY 

TO    ALL    THE 

QUESTIONS    AND    EXAMPLES 

CONTAINED    IN    THE 

EXAMINATION    QUESTIONS 

Included  in  this  Volume. 


The  Keys  that  follow  have  been  divided  into  sections  cor- 
responding to  the  Examination  Questions  to  which  they 
refer,  and  have  been  given  corresponding  section  numbers. 
The  answers  and  solutions  have  been  numbered  to  corre- 
spond with  the  questions.  When  the  answer  to  a  question 
involves  a  repetition  of  statements  given  in  the  Instruction 
Paper,  the  reader  has  been  referred  to  a  numbered  article, 
the  reading  of  which  will  enable  him  to  answer  the  question 
himself. 

To  be  of  the  greatest  benefit,  the  Keys  should  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
as  a  pupil  would  go  to  a  teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a  source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  Course. 


OPERATION    OF 
DYNAMOS  AND   MOTORS. 


(1)  The  dust  from  coal  and  from  the  machines  men- 
tioned is  very  injurious  to  the  bearings  of  engines  and 
electrical  machines  and  also  to  the  commutators  and  general 
insulation  of  the  latter.     See  Art.  1. 

(2)  (a)  Copper  brushes  are  generally  used  on  electric- 
light  dynamos  where  the  current  output  is  large  and  the 
voltage  low. 

(b)  They  are  generally  set  tangential,  or  approximately 
so,  never  radially. 

(3)  (a)  Copper  brushes  are  trimmed  to  fit  the  commuta- 
tor by  shaping  and  filing  them  in  an  iron  jig,  properly 
shaped  to  fit  the  surface  of  the  commutator. 

(b)  Carbon  brushes  are  usually  made  to  fit  the  commu- 
tator by  putting  the  brush  in  position  and  then  drawing  a 
piece  of  sandpaper  (never  emery  paper)  between  the  brush 
and  the  commutator  against  which  the  brush-holder  spring 
presses  the  brush,  the  sanded  side  of  course  being  next  to 
the  carbon  brush. 

(4)  The  odor  of  hot  oil  around  a  machine  usually  indi- 
cates an  abnormally  hot  bearing. 

(6)  It  may  be  due  to  the  lack  of  power  on  the  line  or  an 
open  or  short  circuit  in  the  field  of  the  machine  or  in  the 
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connections  between  the  circuit  and  the  motor.  See 
Art.  58. 

(tj)  Sparking  at  the  brushes  may  be  due  to  any  one  of 
the  following  causes:  too  much  load,  brushes  improperly 
set.  commutator  rough  or  eccentric,  high  or  low  commuta- 
tor bars,  poor  contact  between  brushes  and  commutator, 
dirty  brushes  or  commutator,  speed  too  high,  sprung  arma- 
ture shaft,  armature  too  low  because  of  worn  bearings,  worn 
commutator,  short  nr  open-circuited  or  reversed  armature 
coil,  brushes  of  too  high  resistance,  a  shaky  foundation  that 
allows  the  machine  to  vibrate  excessively,  a  slipping  belt. 

(7)  The  bar-to-bar  test  is  probably  the  most  convenient 
one.  all  things  being  considered.  See  Arts.  97  to  9S>, 
inclusive. 

(a)  By  connecting  a  voltmeter  across  each  of  the  coils  in 
succession.  The  coil  across  which  a  deflection  is  obtained 
is  the  open-circuited  coil.  In  the  absence  of  a  voltmeter, 
incandescent  lamps  may  be  used.  For  example,  in  Fig.  24  a 
deflection  will  be  obtained  between  e  and  6,  but  none  between 
i  and  a.     Sec  Art.  92. 

(9)  Oil  is  apt  to  saturate  the  insulating  material  between 
the  bars  and  to  become  charred,  while  the  emery  will  collect 
between  the  bars.  The  charred  oil  and  emery  are  more  or 
less  of  a  conductor,  hence  the  insulation  between  the  bars 
becomes  lower.  Emery  generally  contains  iron  impurities 
that  make  it  a  conductor.  Small  pieces  of  emery  may  also 
become  lodged  in  the  brushes  and  scratch  the  commutator. 
See  Art.  10. 

(10)  Carbon  brushes  have  a  comparatively  high  resist- 
ance, hence  the  current  in  the  coils  that  are  short-circuited 
by  the  brushes  at  or  near  the  neutral  points  is  not  so  great 
as  to  produce  excessive  sparking,  even  when  the  brushes 
due  to  a  momentary  change  in  the  load  are  not  in  the  best, 
or  neutral,  position. 

(11)  {(t)  High  bars  can  usually  be  filed,  sandpapered,  or 
turned  dovvv  tu  the  surface  of  the  other  bars. 


(6)  To  remedy  a  low  bar  it  is  usually  necessary  to  turn 
down,  file,  or  sandpaper  the  whole  commutator  to  a  smooth 
and  true  surface. 

(12)  The  commutator  becomes  rough,  the  brushes  heat 
and  spark,  the  belt  squeaks,   and    the    machine    grows  hot 


(13)  Severe  sparking  is  caused  and  the  circuit-breaker 
opened  because  the  motor  armature  generates  but  little 
counter  E.  M.  F.,  and  forms  practically  a  short  circuit 
across  the  supply  mains.  In  some  cases  the  motor  may 
speed  up  excessively. 

(14)  A  rotary  converter  may  be  started  by  connecting 
the  alternating-current  side  to  the  line;  by  supplying  the 
direct-current  side  with  direct  current  from  another  rotary 
or  from  a  storage  battery;  by  starting  up  the  alternator. 
See  Art.  8». 


(15)     The  other  coils  become  wa 


See  Art.  41. 


(16)  By  holding  a  piece  of  iron  near  the  armature;  the 
piece  of  iron  will  vibrate  when  the  coil  passes  it.  See 
Art.  23,  Another  method  is  to  use  the  device  described  in 
Art.  97. 

(li)  {•!)  An  unusually  large  deflection  would  indicate  an 
open  circuit  in  the  armature  coil  whose  terminals  are  sup- 
posed to  be  connected  to  the  commutator  bars  upon  which 
the  testing  clips  rest. 

(6)  No  deflection  would  indicate  one  of  three  things: 
either  a  dead  cross  in  the  coil  connected  to  the  commutator 
bars  upon  which  the  testing  clips  rest,  or  a  cross  between 
the  two  bars  themselves,  or  that  there  was  an  open  circuit 
in  the  same  half  of  the  armature  in  which  the  testing  clips 
were  being  used,  but  somewhere  else  except  between  the 
test  clips.  A  smaller  deflection  than  that  given  by  a  good 
coil  would  indicate  a  partially  short-circuited  coil  or  poor 
insulation  between  the  turns  or  between  the  commutator 
bars  under  the  lest  clips. 
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(18)  (a)  If  the  pressure  is  greater  than  necessary,  the 
wear  on  the  commutator  and  the  friction  to  be  overcome 
will  be  unnecessarily  great. 

{/>)  If  the  pressure  is  too  small,  there  will  be  sparking 
and  heating  because  of  the  bad  contact  between  brush  and 
commutator. 

(lU)  (a)  Such  scratches  usually  indicate  that  there  are 
particles  of  hard  foreign  matter  under  one  or  more  of  the 
brushes. 

(6)  The  remedy  is  to  remove  the  brushes  and  cl&an  them 
thoroughly. 

(20)  The  brushes  will  play  or  bear  over  the  whole  wear- 
ing surface  of  the  commutator,  thus  preventing  the  wearing 
of  the  commutator  in  ruts. 

(21)  It  would  indicate  that  the  bearings  had  worn  down 
or  that  a  field  core  had  become  loose,  thus  allowing  the 
armature  to  rub  against  the  core  or  pole  piece. 

(■i3)  (rt)  In  a  dynamo,  one  field  coil  reversed  would 
reduce  the  voltage  and  perhaps  render  the  machine  inca- 
pable of  generating  at  all. 

(i)  In  a  motor,  one  field  coil  reversed  would  increase  the 
current  required  to  start  the  motor,  would  abnormally 
increase  the  speed  after  it  is  started,  and  would  cause  the 
brushes  to  spark.  A  motor  with  but  two  field  coils  may 
refuse  to  start  or  else  start  very  slowly  if  one  of  its  field 
coils  is  reversed. 

{'i'.i)  All  residual  magnetism  may  have  disappeared  or 
the  field  and  armature  may  be  improperly  connected 
together.  Reversing  either  the  armature  or  the  field, 
not  both,  after  they  were  once  properly  connected,  would 
destroy  whatever  residual  magnetism  there  may  have  been 
and,  consequently,  the  machine  would  refuse  to  generate. 
For  other  causes  and  remedies  see  Arts.  49  to  58,  inclu- 
aive. 
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(24)  Ordinary  synchronous  motors  will  not  start  up  by 
themselves  under  load.  They  must  be  brought  up  to  syn- 
chronism under  no  load,  either  by  themselves,  by  switching 
on  the  line  current,  or  by  some  outside  source  of  power,  as, 
for  example,  by  a  small  induction  motor. 

(25)  It  would  indicate  that  the  one  armature  coil  was 
short-circuited. 

(26)  A  broad  scratch  around  the  surface  of  a  commuta- 
tor indicates  that  probably  one  of  the  brush  holders  has 
been  set  too  close  or  has  become  loose  and  slipped  down,  so 
that  it  touches  the  commutator. 

(27)  An  induction  motor  is  started  up  by  first  seeing 
that  the  starting  compensator,  resistance,  or  other  device  is 
in  circuit,  then  throwing  in  the  main  switch  and  cutting 
out  the  compensator  or  resistance  as  the  motor  comes  up  to 
speed. 
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(1)  This  relation  is  expressed  by  the  formula  E  =  E^ 
-\-  C R„:  that  is,  the  E.  M.  F.  supplied  at  the  brushes  is 
equal  to  the  counter  E.  M.  P.  generated  in  the  motor 
armature  plus  the  E.  M.  F.  required  to  force  the  current 
through  the  armature  against  its  resistance.  This  last 
quantity,  C  R^,  called  the  drop  or  fall  of  potential  through 
the  armature,  is  equal  to  the  product  of  the  current  C  and 
the  resistance  of  the  armature  R^. 

(a)  Because  if  the  external  resistance  is  increased,  the  cur- 
rent will  decrease;  this  will  weaken  the  field,  since  the  field 
and  armature  are  directly  in  series,  and,  hence,  lower  the 
E.  M.  F.  generated  by  the  armature,  which  still  further 
decreases  the  current.  If  the  external  resistance  is 
decreased,  the  current  and  E.  M,  F.  will  each  be  increased. 

(3)  When  the  current  increases  beyond  a  certain  strength, 
a  regulating  magnet,  connected  directly  in  the  main  cir- 
cuit, draws  up  its  cores,  thereby  opening  a  short,  or 
shunt,  circuit  around  quite  a  powerful  regulating  magnet. 
This  allows  the  regulating  magnet,  which  is  now  supplied 
with  current  from  the  main  circuit,  to  attract  its  keeper, 
thereby  separating,  by  means  of  a  system  of  levers, 
the  two  brushes  of  each  set.  This  separating  of  the 
brushes  of  each  set  short-circuits  the  armature  for  a 
very  brief   interval  of   time.      The   more   the   brushes  are 
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separated  the  longer  is  the  armature  short-circuited.  In 
any  case,  however,  this  interval  is  extremely  short,  although 
it  may  occur  as  often  as  5,1U0  times  per  minute.  The 
great  self-induction  of  the  field  and  armature  prevents  the 
fall  of  the  current  to  zero  each  time  the  armature  is  short- 
circuited.  As  the  current  tends  to  increase  the  greater 
becomes  the  length  of  the  short-circuiting  intervals  and, 
hence,  the  average  value  of  the  current  remains  approxi- 
mately constant.      See  Arts.  31  and  533, 

(4)  (;i)  The  length  of  the  arm  of  the  brake  being  36  inches, 
or  3  feet,  the  torque  of  the  motor  is  27  X  3  =  SI  pound-feet. 
Arts.  33,  34:,  and  35.  The  revolutions  per  minute  being 
900,  the  horsepower  output  of  the  motor  is,  from  formula  3, 
I  X  3.U16  7"^      6.383a  X  81  X  9W 


H.  P.  = 


33.000 


33,000 


=  13.P8  H.  P. 


Ans. 

{/>)     To  find   the  efficiency,  it  is  first  necessary   to   find 

the   input  and   reduce   the   input   and   the   output   to   the 

same  units.     Art.  33.     In  this  case  the  input  is  25  X  480 

.  =12,000    watts.     Reducing   13.88    horsepower    to    watts, 

13.8S   X    74r.  =   Tn.3.54     watts.      Then,     the    efficiency    E 


TOO  X  10,:(.i4 


-  12,OOS^=''''''P^'"""*'  ^"^- 
(5)  The  connections  would  be  about  as  shown  in  the 
figure,  in  which  F  is 
the  field  circuit,  B,  fi, 
the  brushes  of  the 
motor,  R  the  starling 
resistance,  J^  S  the 
reversing  switch,  F  Ji 
the  fuse  boxes,  and  5 
the  main  switch. 

(fi)  The  speed  of  a 
direct-current  shunt- 
wound  motor  may  be  varied  by  changing  the  field  strength 
or  by  changing  the  E.  M.  P.  applied  to  the  armature  by 
inserting  an  adjustable  resistance  in  the  armature  circuit. 
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1  of   the   coii    having  the 
of  current.     Art.  14. 


(7)  Because   the   self-ii 
i   lesser  E.  M.  F.  prevents  the  flow  c 

(8)  The    speed  of    a  direct-current    series-wound  motor 
I   may  be   varied   by  varying  the   strength  of   the    field,  by 

altering  the  effective  number  of  turns  in  the  field  coils,  or 
by  inserting  an  adjustable  resistance  in  the  circuit  in  series 
,   with  the  motor. 

(9)  (a)  See  Art.  3. 
(*)  See  Art.  5. 

(10)  The  input  to  the  motor  being  33  X  230  =  7,590  watts, 

and    the    efficiency    being    85    per    cent.,    the    output    is 

7,590  X  85         ^  „,  „  ..  r^u-      ■  1     .      "■■151.5 

-'-  ■  ■    =  C,451-S    watts.       This    is    equal    to   -sttjt- 

=  8.65  horsepower.  The  arm  of  the  brake  being  3  feet 
long  and  the  pressure  on  the  scale  platform  being 
20  pounds,  the  torque  of  the  motor  must  be  40  foot- 
pounds =  T.     Knowing  the  horsepower  and  the  torque,  the 

„_  33.000  X  H.  P. 
~    'i  X  3.UH1  T  " 

H.    P.    and     T,    5 


speed  may  be  found  from  formula  3, 
Substituting    the    above    values     for 


"2  X  3.1411;  X  40 


__  285.450  _ 
'251.3^8" 


l,13()  rev.  per  min.     Ans. 


(11)  If  the  starting  resistance  were  in  series  with  the 
'  whole  shunt-wound  motor  instead  of  in  series  with  the  arma- 
ture only,  there  would  be  on  starting  the  motor  only  a  small 
I  current  through  the  field  coils  and,  consequently,  the  field 
1  would  be  so  weak  that  an  excessively  large  current  would  bo 
I  required  in  the  armature  to  furnish  the  necessary  lorque  fur 
f  Starting. 

(18)     Because  as  the  coil  moves  across  the  center  of  a 

■  pole  piece,  as  many  lines  of  force  pass  out  across  one  side  of 
k  the  coil  as  pass  in  across  the  other  side  of  the  coil;  that  is, 
f  there  is  no  change  in  the  actual  number  of  lines  of  force  that 
I  pass  through  the  coil.     Or,  wc  may  consider  that  since  one 

■  side  of  the  coil  is  cutting  lines  of  force  just  as  fast  and  in 
I  the  same  direction  as  the  other  side,  hence  the  E.  M.  F. 's 
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€x»aly  «{tal  2nd  opposite,  and 
E.  XL  F.  or  curresti  generated  In 
Jut.  17. 

oaf  csrrcac:  tkat  it,  the  current  flows 
njv  SB  ««e  AvuuiH  ■■  the  bne  drcnit,  bat  it  Boctuatcs 
When  such  a 
s  s  martini  onrcni,  it  is  meant  that 
the  Jtcny.  arfgth  id  the  cnrrcnt  is  cnntant.  Sec 
Art.  It: 

(14)  A  pfailei-  or  la|k>w««nd  dram  armatnpe  must  be 
yro^ifad  vilh  a*  ^onj  arts  of  tnuhta  as  there  nie  poles  on 

flS)  A  aaies'  nr  vxte-vwnid  dmm  annatatc  Deed  be 
pfiTJrteJ  with  ootv  tvo  sets  of  bra^xsi.  However,  any 
ni— btr  «rf  sets,  not  cxceetfin^  the  number  of  poles  on  the 
nrarhinr,  w^f  be  ased,  and  it  is  pnioable,  especially  on 
lafxe  grmmaan,  to  use  as  nanv  sets  nl  brushes  as  there 
arcpnIeL 

(1<)  The  mazianBB  E.  U.  P.  that  iImc  ccnstant-cnrrenl 
drsamii  is  capable  i^  ^oeratin^  limns  its  out]>ut,  Sn 
An.  :*3. 

\\'t  When  IT.  :r,e  p->*:::oTi  i*i  lea^t  action,  a  coil  is 
ni->meTi:dr:;y  i::^-^'-.r.^-;i?J  iT\<m  the  eitemal  circuit,  then 
thr' w:^  in  pvara'.'e'.  w:;h  the  o>il  aheaii  of  it,  then  in  series 
w::h  :he  .-iher  :ir>  o:'.>  :h,i-.  ,\re  then  in  parallel,  then  in  par- 
allel wi;h  ;he  vv:I  Ivhini":  it,  -iziy'.  then  disconnected  from  the 
circ-.;it  a^-ain.      S^  Ar.,  W.  a!>.>  Fig.  :. 

135 
'«3.5 

=  -2  ara;»eres  j;o  ti>  the  rieM,  the  ln.-«  being,  therefore. 
,;  \  IJ.-.  ^  %'.>!  Kjiis.  The  rest,  or  3  X  Tio  =  375  watts, 
make  up  the  iricii-'n  ,ini!  i»re  losoiesof  the  machine.  Art.  37. 
When  lakiiii;  ,1:-.  ini'v.t  I'f  ''  amperes  at  125  volts,  or 
V.ii'i.i  watts,  there  w.  ■.;:,i  still  l*e  required  350  watts  for  the 
rielil  ami  :>7'>  w.uts  i  r  the  core  K>sses  and  friction.  Of  the 
"  amixres,  75  liow  through  the  armature,  and  as  this  has 


(1^1      (..-1  v^i    the   -i  ,in-.-t»erej  input,    hy    Ohm's    lai 
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a  resistance  of  .(li  ohm,  the  armature  C  r  would  be  75' 
X  .04  =  i-ia  watts.  The  total  losses  would  then  be  250  -|-  375 
-|-  225  =  850  watts,   and   the   output   would   therefore   be 

8,m 

741! 
(Ii)     The  output  being  8.775  watts  and  the  input  9,iYlfi, 

,        _   .            .    100  X  8.775       „,  _  .        . 

the  efficiency  is ■  —■■ =  91.17  per  cent.     Ans, 

(19)  The  E.  M.  F.  of  the  Excelsior  con  slant -cur  rent 
dynamo  is  regulated  by  a  controlling  magnet  that  causes 
current  to  flow  through  a  small  motor  in  one  direction  as  the 
current  increases,  and  in  the  opposite  direction  as  the  current 
decreases.  When  the  small  motor  revolves  in  one  direction, 
due  to  an  increasing  current,  it  not  only  shifts  the  brushes 
from  the  neutral  point,  but  it  also  cuts  out  some  of  the  turns 
of  the  field  coil.  These  two  changes  reduce  the  E.  M.  F. 
generated  in  the  armature  and,  hence,  keep  the  current  from 
increasing  beyond  its  proper  constant  value.  When  the  small 
motor  revolves  in  the  opposite  direction,  due  to  a  decreasing 
current,  the  operations  mentioned  are  reversed  and,  hence, 
the  current  is  kept  from  decreasing  below  its  proper  constant 
value.     See  Art.  lO. 

(30)  The  current  flowing  in  an  armature  conductor  in  a 
parallel-  or  lap-wound  armature  is  equal  to  the  total  armature 
current  divided  by  the  number  of  poles,  hence  the  current  in 
this  case  would  be  one-si.xth  of  the  total  current. 

{21)  To  reverse  the  direction  of  rotation  of  a  motor,  the 
direction  of  the  current  must  be  reversed  either  through  the 
field  coils  or  through  the  armature;  the  current  must  not  be 
reversed  in  both  the  field  and  armature.  Hence,  to  reverse 
the  direction  of  rotation  of  the  motor  reverse  the  connections 
with  respect  to  the  external  circuit  of  either  the  field  or 
armature  terminals. 

(38)  The  output  of  a  const  ant -potential  motor  is  limited 
by  the  heating  of  the  armature  and  field  and  the  sparking 
between  the  brushes  and  commutator.     See  Art,  37. 
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(■^3)     See  Art.  33. 

(24)  The  E.  M.  F.  supplied  to  the  terminals  of  a  motor 
may  be  varied  by  inserting  an  adjustable  resistance  or 
rheostat  in  the  line  circuit  or  by  varying  the  E.  M.  F, 
of  the  generator  from  which  the  current  is  obtained.  The 
E.  M.  F.  at  the  brushes  of  a  shunt-wound  motor  may  be 
varied  without  varying  the  strength  of  the  field  by  connect- 
ing the  adjustable  resistance  only  in  the  path  of  the  current 
supplied  to  the  armature,  the  field  coils  being  connected 
directly  to  thu  line  wires  and  not  through  the  adjustable 
resistance  first. 

(36)  («)  No. 

{/>)  Half  the  total  current  output  flows  in  each  armature 
conductor,  since  there  are  but  two  parallel  paths  for  the 
current  through  the  armature  winding  no  matter  how  many 
pairs  of  brushes  may  be  used. 

(26)     (a)  See  Art.  38. 
(*)  See  Art.  38. 

(37)  See  Art.  6. 

(2R)  (a)  A  parallel  winding  is  most  suitable  because  there 
are  as  many  paths  in  parallel  as  there  are  poles,  and  hence 
each  conductor  has  to  carry  only  a  part  of  the  total  current. 

(i)  A  series  winding  is  most  suitable,  because  a  large 
number  of  conductors  connected  in  series  are  required  in 
order  to  give  the  high  voltage,  and  although  each  conductor 
must  carry  half  the  total  current  output,  still  the  latter  is 
comparatively  small  where  the  voltage  is  high. 

(39)     See  Art.  42. 
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ALTERNATING  CURRENTS. 

(PART  1.) 


(1)  (a)  A  cycle  is  the  complete  set  of  values  that  an 
alternating  current  or  E.  M.  F.  passes  through  repeatedly. 

(6)  An  alternation  is  the  set  of  values  represented  by 
a  half  wave  or  half  cycle.     See  Art.  9. 

(2)  (a)  The  frequency  is  the  number  of  complete  cycles 
passed  through  in  a  given  interval  of  time.  The  interval  of 
time  used  is  generally  the  second,  so  that  the  frequency  may 
be  defined  as  the  number  of  cycles  that  the  current  passes 
through  per  second. 

(6)  A  60-cycle  alternating-current  dynamo  is  one  that 
generates  an  E.  M.  F.  that  passes  through  60  cycles  per 
second.     See  Art.  8. 

(3)  A  direct  current  always  flows  in  the  same  direction, 
whereas  an  alternating  current  is  continually  reversing  its 
direction  of  flow. 

(4)  15,000  alternations  per  minute  are  equal  to  7,500  cycles 
per  minute,  because  each  alternation  is  half  a  cycle.  7,500 
cycles  per  minute  are  equal  to  125  cycles  per  second.     Ans. 

(5)  (a)  Two  alternating  currents  or  E.  M.  F.*s  of  the 
same  frequency  are  said  to  be  in  phase  when  they  come  to  their 
maximum  values  at  the  same  instant.     See  Fig.  7,  Art.  10. 

(6)  They  are  out  of  phase  when  they  do  not  come  to  their 
maximum  values  at  the  same  instant.  In  order  for  there 
to  be  a  difference  of  phase,  we  must  always  have  under 
consideration  at  least  two  currents,  two  E.  M.  F.'s,  or  one 
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current  and  an  E.  M.  F. ;  that  is,  two  or  more  currcnl*  may 
differ  from  each  ulher  in  phase,  or  two  or  more  E.  M.  P.'s 
may  differ  In  phase,  or  we  may  have  a  phasti  differenee 
between  currents  and  E.  M.  P.'s.     Sec  Art.  11. 

(«)     (<i)  Yes.     See  Art.  13. 

(f>)  Since  the  currents  arc  in  phase,  the  total  current 
furnished  by  the  alternator  will  be  the  sum  of  the  three 
separate  currents,  i.  e.,  10  -f  H)  -\-  45  =  fifi  amperes. 

(?)  It  means  that  the  E.  M,  F.  of  the  secimd  is  brought 
to  the  sume  frequcnoy  as  that  nf  the  first  machine,  and  also 
that  its  E.  M.  F.  is  brought  into  phase,  or  into  step,  with 
the  E.  M.  F.  of  the  first  machine.     Sec  Art.  12. 

(8)  The  total  current  furnished  by  the  alternator  wiU  not 
I>e  20  amperes,  hut  will  be  some  amount  less  than  %0  amperes, 
depending  on  how  much  the  currents  of  8  and  I'i  amperes 
differ  in  phase.  Since  the  two  currents  arc  not  in  phase, 
there  arc  intervals  when  they  oppose  each  other,  and,  c<in- 
scquently,  the  resultant  current  Is  less  than  their  sum.  It 
is  evident  that  if  the  currents  were  exactly  opposite  in 
phase,  the  total  current  would  be  but  12  —  S  =  4  amperes, 
See  Art.  14. 

(9)  Since  one  whole  cycle  is  represented  by  SfiO",  a  phase 
difference  of  (i()"  would  mean  iine-sixth  i)f  a  complete  cycle. 
Sec  Art.  1«. 

(1(1)  When  Uu-y  differ  in  phase  by  ftO",  or  one-quarter 
of  a  complete  cycle.      See  Art.  17. 

(11)  {<>)  A  twn-phase  system  is  one  that  makes  use  of  two 
simple  alternating  currents  that  differ  in  phase  by  S0°,  or 
one-finirth  of  a  complete  cycle. 

(/')  A  three-phase  system  is  one  that  makes  use  of  three 
simple  alternatinjr  currenls  that  differ  in  phase  by  120°,  or 
one-third  of  a  cycle.      Sec  Art.  aO. 

(1-J)  ((()  Frnm  Art.  1!>  we  see  that  the  current  in  the  mid- 
dle wire  is  1.114  limes  the  current  in  the  outside  wires;  hence 
the  current  in  the  middle  wire  =  ■,>(I0  X  1.414  =  28a.S.       Ans. 
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n 


(A)  Also  the  vnltage  between  the  outside  lines  is  I. -114 
times  the  vnltage  nn  each  phase,  hence  the  voltage  between 
the  outside  lines  =  1.100  X  1.414  =  l,5ii5.4  volts.      Ans. 

(13)  Because  the  sum  of  the  three  currents  is  at  all 
instants  equal  to  zero;  i.  e, ,  one  current  is  always  equal 
and  opposite  to  the  sum  of  the  other  two,  thus  making  the 
resultant  current  zero  and  rendering  a  fourth  return  wire 
unnecessary.  Each  wire  acts  ahernately  to  carry  the  return 
current  for  the  other  two. 

(14)  It  is  shown  in  Art.  21  that  in  a  balanced  three-phase 
system  the  current  flowing  in  one  wire  is  equal  to  the  sum  of 
the  currents  flowing  in  the  other  two  and  is  in  the  opposite 
direction.  Also,  that  when  the  current  in  one  wire  is  at  its 
maximum  value,  the  currents  in  the  other  two  are  one-half 
as  large  and  in  the  opposite  direction.  It  follows,  then,  that  if 
the  current  in  one  wire  is  at  its  maximum  value  of  100  amperes 
and  is  flowing  out,  the  currents  in  the  other  two  wires  must 
be  50  amperes  and  flowing  in. 

(15)  (a)  The  maximum  value  is  the  highest  value  reached 
during  each  half  wave  or  alternation. 

(<*)  The  average  value  is  the  average  of  all  the  values  of 
current  or  E.  M.  F.  that  are  passed  through  during  a  half 
cycle. 

(f)  The  average  value  is  .r,3r,  times  the  maximum  value, 
or  a  little  less  than  two-thirds  the  maximum.     See  Art.  !34. 

(16)  (a)  The  eflective  value  of  an  alternating  current  is 
that  value  that  will  produce  the  same  heating  effect  in  the 
circuit  as  a  continuous  current  of  the  same  amount.  The 
efleetive  value  is  often  called  the  square-root-of-mean-square 
value,  because  it  is  equal  to  the  square  root  of  the  average 
of  the  squares  of  the  values  of  the  current  at  each  instant 
throughout  a  cycle. 

(*)  The  effective  value  is  .707  times  the  maximum,  or 
slightly  more  than  seven-tenths  of  the  maximum.  Bee 
Art.  24. 
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(17)  (a)  It  means  that  the  effective  or  square-root-of- 
mean-square  value  is  50  amperes  and  that  the  alternating 
current  produces  the  same  heating  effect  as  would  SO  amperes 
direct  current. 

{6)  Since  the  effective  value  (50  amperes)  is.T07  times 
the  maximum,   the  maximum  value  in  this  case  must   be 


-=r-=  =  70.7  amperes,  and  the  current  will  alternate  between 
the  values  -|-7U.7  amperes  and  —70.7  amperes. 

(c)  The  average  value  is  .(iSO  times  the  maximum,  or 
.(iSfi  X  70.7  =  45  amperes,  approximately,  or  we  may  get  the 
same  result    by  dividing  the  effective   value   (60  amperes) 

by  1.11,  i.  ^-i  ,  TT  =  *5,  approximately.     See  Art.  25. 

(18)  (a)  The  E.  M.  F.  of  self-induction  is  set  up  in  a  coil 
or  circuit  by  reason  of  the  changing  magnetic  field  threading 
the  coil  or  circuit,  this  changing  iield  being  set  up  by  a 
changing   current  flowing  in   the   coil,  circuit,   or  whatever 

I   electrical  device  is  under  consideration, 

'  (i)  No,  because  the  current  is  steady  and,  hence,  no 
rhanging  field  can  be  set  up  to  induce  the  E.  M.  F.  In  order 
that  an  E.  M.  F.  may  be  set  up,  the  magnetic  field  and  the 
coil  or  circuit  must  be  continually  changing  relatively  to 
each  other.     See  Arts.  37  and  '■iS. 

(19)  (rf)  The  coefficient  of  self-induction  of  any  electrical 
circuit  or  device  is  a  quantity  that  is  a  measure  of  the  ability 
that  the  circuit  or  device  has  for  setting  up  lines  of  force 
through  itself  when  a  current  is  sent  through  it.  If  the 
coefiicicnt  of  self-induction  is  high,  it  means  that  a  small 
current  is  capable  of  setting  up  a  large  number  of  lines  of 
force,  and  ;7W-  rrrsn.  The  coefficient  of  self-induction  is 
defined  in  Art.  30;  it  is  equal  to  the  number  of  lines 
threading  the  circuit  or  coil,  when  a  current  of  1  ampere  is 
flowing,  multiplied  by  the  number  of  turns  and  divided 
by  10". 

(h)     The  henry  is  the  unit  used  to  express  inductance. 


) 
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(c)  Yes,  because  the  coil  when  wound  on  ihc  iron  core 
[  would  be  able  to  set  up  a  much  larger  magnetic  flux  through 
I  itself  than  when  wound  on  a  wooden  core. 

(30)  It  makes  the  current  lag  behind  the  E.  M.  F.,  so 
I  that  the  current  does  not  reach  its  maximum  value  until 
I  after  the  E.  M.  F.  has  passed  its  maximum  value.  See 
[■Art.  86, 

(ai)  (a)  The  induced  E.  M.  F.  is  at  right  angles  to  the 
I  current,  and  when  the  current  is  a  maximum  the  induced 
.  F.  is  passing  through  zero,  and  vice  versa.  Also,  the 
|, induced  E.  M.  F.,  or  E.  M.  F.  of  self-induction,  is  9(1"  behind 
I  the  current  in  phase. 

(^)  The  E.  M.  F.  to  oxxrcome  self-induction  is  the  equal 
and  opposite  of  the  E.  M.  F.  of  self-induction;  hence,  it  is 
90"  ahead  of  the  current  in  phase.     See  Art.  33. 

(33)  From  formula  3,  we  have:  Induced  E,  M.  F. 
\  =  6.283  n  LC  =  (i.283  X  «0  X  .03  X  5  =  37.7  volts,   nearly. 

Ans. 
(23)  From  Art.  36  and  Fig.  25  we  see  that  the  applied 
lE.  M.  F.  is  equal  to  the  square  root  of  the  sum  of  the 
■squares  of  the  induced  E.  M.  P.  and  the  E.  M.  F.  necessary 
■  to  overcome  resistance,  because  in  Fig.  25,  cc  =  applied 
|E.  M.  F.  andfc"  =  oi'  +  i*f'.  or 


In  this  c 


s  8  volts  and  ^r  is  20  volts;  hence. 


=  t'8'-|-30'  =  V'4(i4  =  31,54  volts.     Ans. 


I  Applied  E. 

(24)     (rt)    The    reactance   of   a  circuit   is   that  quantity 

Ivhich  multiplied  by  the  current  gives  the  E.  M.  F.  necessary 

Et")  force  the  current  against  the  self-induction  of  the  circuit. 

{#)     The  value  of  the  reactance  is  given  by  the  product 

■j6.283  n  L.  where  n  is  the  frequency  in  cycles  per  second  and 

^  the  coefficient  of  self-induction. 

{f)     Reactance,    like   resistance,    is  expressed   in    ohms. 


c  An.  38. 
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(M)  (a)  The  imptdance  of  a  circuit  is  that  quantity  by 
which  the  current  must  be  multijilictl  tn  give  the  applied,  or 
impressed,  E.  M.  P.  necessary  lo  force  the  current  through 
the  circDit. 

(A)  The  impedance  is  equal  to  the  square  root  of  the 
I  t^  the  squarcH  of  the  resistance  snd  reactance;   i.  c., 

(f )  Impedance,  like  resistance  and  reactance,  is  expressed 
in  ohms.     Sec  ArL  30. 

,.^,    ,-  £  .      applied  E.M.F. 

(-m)    C  =-,.-.  -  .-:■--.  ■--=■■^7^.  or  current  =  -^-^ ; . 

f'^  +  (6.a83i«il)'^  impedance 

Sec  Art.  36. 

(aj)  (a)  The  reactance  is  equal  to  6.283  m  i  =  6.283 
X  00  X  .1  =  37-7  ohms,  nearly.     Ans. 


(i)  Impedance  =  t^resisiance'+  rcactancc*=  *^*20'+  37.7" 
=  »''lS21-3  =  43.7  ohms,  approximately.      Ans. 

,  ,  ^^  applied  E.  M.  F.       I,OiK) 

(c)  The  correot  =  -^X- — ^ =  —yr  =  33.4  am- 

^ '  impedance  13.7 

percs.  Ans. 

((/)  If  the  circuit  had  no  self-induction,  the  reactance 
would  bt-cnmc  zltu  {sl-c  Art.  36);  hence,  we  would  have 

Current  =  ~TU,  —  •-.;.•  ■  =  50  amperes.     Ans. 

It  is  thus  seen  that  with  the  given  applied  E.  M.  F.  of 
l.UUU  vults.  the  effect  of  the  self-induction  is  to  cut  down 
the  current  from  .50  amperes  to  i'-iA  amperes. 

(■■iS)  It  has  exactly  the  opposite  effect  to  self-induction; 
i.  e.,  it  makes  the  current  lead  the  E.  M.  F.   instead  of  lag 

behind  it. 

{•i'.')  The  p.'wer  e.xpended  in  watts  cannot  be  obtained 
under  such  circumstance!:  because  the  current  and  E.  M.  F. 
are  not  in  phase  and  there  are  intervals  during  each  cycle 
wheu  the  current  and   E.  M.  F.   are  opposing  each  other,  so 
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that  the  actual  power  in  watts  is  less  than  would  be  found 
by  multiplying  the  volts  by  the  amperes.     See  Art.  49. 

(30)  (a)  The  power  factor  is  the  quantity  by  which,  the 
volt-amperes  or  apparent  watts  must  be  multiplied  to  give 
the  number  of  actual  watts  expended.  Or  it  may  be  defined 
as  the  ratio  of  the  actual  watts  or  true  watts  to  the  apparent 
watts. 

(6)  The  value  of  the  power  factor  for  direct-current 
circuits  or  for  non-inductive,  alternating-current  circuits, 
is  1.     See  Arts.  50  and  61. 

(31)  Apparent  watts  =  50  X  100  =  5,000;    power  factor 

true  watts  4,200        ^..        .  o       a   ^      k^       i 

= =  -^- —  =  .84.      Ans.     See  Arts.  oO  and 

apparent  watts      5,000 

51. 
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(1)     (a)  A  squirrel-cage  armature  consists  of  a  number 

F.of  copper  bars  placed  in  slots  arranged  around  the  periphery 

JjiOf  a  laminated  core.      These  bars  arc  all  connected  together 

t  each  end  by  means  of  rings,  thus  forming  the  bars  into  a 

|>liumber  of  closed  circuits.     Kee  Fig.  29. 

(6)  The  revolving  field  set  up  by  the  field  windings  cuts 
iross  the  conductors,  thus  inducing  E.  M.  F.'s  that  are 
c  to  set  up  currents  because  the  bars  are  formed  into 
ied  circuits. 

To  prevent  a  heavy  rush  of  current  in  the  armature 
i  field.  If  a  heavy  rush  of  current  is  allowed  in  the  arma- 
!  it  reacts  on  the  field  so  as  to  greatly  reduce  the  field 
1  and  bring  the  starting  torque  down  to  a  small 
lount.  Besides,  the  heavy  rush  of  current  aflfects  other 
Botors  or  lights  on  the  system,  and  is  therefore  objectionable. 
E  Art.  48. 


(-7)   An  induct. 
t  up  in  stationary 

flux    passing 
MS  of  iron. 


alternatorisoncin  which  the  E.  M. 

irmature  coils  by  varying  the  ma 

through    them    by   means    of    revolvii 


No;  the  magnetic  flux  can  be  set  up  by  means  of  a 

l^fttionary  coil  surrounding  the  inductor,  and  as  the  armature 

rIs  are  also  stationary,  no  moving  wire  or  sliding  contacts 

!  required. 


I 
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(4)  The  armature  is  provided  with  three  groups  of  coils 
tluil  are  displaced  relatively  to  each  other  on  the  armature 
core  so  that  the  currents  generated  in  them  differ  in  phase 
by  ihe  required  amount.  The  coits  may  be  displaced  a  dis- 
tance equivalent  to  120"  of  the  phase  difference,  i.  e.,  one- 
third  the  distance  from  the  center  to  center  of  poles  of  like 
polarity,  or  they  may  be  displaced  by  a  distance  giving  a 
phase  difference  of  60°,  i.  e.,  one-sixth  the  distance  from  the 
center  to  center  of  poles  of  like  polarity.  In  the  latter  case, 
one  of  the  phases  is  reversed  in  order  to  give  three  currents 
differing  in  phase  by  HO"  instead  of  three  differing  in 
phase  by  60".  This  latter  method  of  winding  is  very 
generally  used  because  it  is  somewhat  easier  to  carry  out 
mechanically  than  the  first.     See  Art.  18. 

(5)  ((t)  In  the  core  transformer  the  coils  are  wound 
around  the  core,  and  thus  cover  the  core  to  a  large  extent, 
while  in  the  shell  transformer  the  iron  magnetic  circuit  is 
arranged  so  that  it  covers  the  larger  part  of  the  coils.  Sec 
Figs.  31,  Sa.  23,  and  34. 

(i)  In  order  to  avoid  magnetic  lealcaHe,  If  the  coils  arc 
interleaved,  there  is  not  the  chance  for  magnetic  flux  to 
leak  between  them  that  there  is  when  they  are  separated. 
See  Arts.  30  and  31. 

(i!)  The  rekition  between  the  voltage  of  each  phase  and 
the  direct -current  voltage  is  the  same  for  the  two-phase 
converter  as  for  the  si ngle -phase.  See  Art.  52.  Applying 
formula  3,  we  have 

^  =  .707  V; 
350  =  .707  F; 
or  r=^^^  =  495  volts.     Ans. 

(7)  (,r)  The  speed  falls  off  slightly  with  an  increase  in 
l.\ul.  but  the  speed  regulation  as  a  whole  is  fully  as  good  as 
that  of  a  sliunl-woimd  direct -current  motor. 

{/•i  The  sli]>  is  (he  difference  in  speed  between  the 
revolving;  armature  and  the  revolving  field.      It  is  usually 
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expressed  as  a  percentage  of  the  speed  at  which  the  motor 
would  run  when  in  synchronism  with  the  alternator.     See 
I  Art.  47. 

(8)     {a)  The  ratio  of  transformation  is  the  ratio  of  the 
primary  voltage  to  the  secondary  voltage  at  no  load  or  it  is 
the  ratio  of  the  number  of  primary  turns  to  the  number  of 
,  secondary  turns. 

(i)  The  ratio  of  transformation  is  Vi?=  ^0;  hence  the 
I  secondary  voltage  will  be  *|3>i  =  220.     Ans.     See  Art.  26. 

(it)     {a)  A  transformer  consists  essentially  of  three  parts, 

I  namely,   the  primary  coil  or  group  of  coils,  the  secondary 

coil  or  group  of  coils,  and  the  laminated  core.     The  coils  are 

wound  around  the  core,  and  the  purpose  of  the  core  is  to  carry 

the   magnetic   flux   (set  up   by  the  primary)  through  the 

I  secondary. 

(b)  No;  because  there  is  always  some  loss  in  the  trans- 
L  former. 

(f)  The  copper  loss,  or  loss  due  to  the  resistance  of  the 
[  coils;  the  lussdue  to  eddy  currents  set  up  in  the  iron  core; 
L  the  loss  due  to  hysteresis  in  the  iron  caused  by  the  rapid 
I  reversals  of  the  magnetism.     See  Art.  28. 

(10)     From  formula  1,  we  have 


[  where  />  =  number  of  poles  and  s  =  revolutions  per  second, 
[  hence 

«  z=  Jji  X  W  =  'i'*  cycles  per  second.     Ans. 

(II)  The  resistance  of  the  primary  and  secondary  coils, 
I  also  magnetic  leakage.  Part  of  the  E.  M.  F.  is  required  to 
■  overcome  the  resistance  of  the  coils;  the  drop  in  the  primary 
flessensthe  E.  M.  F.,  which  divided  by  the  ratio  of  trans- 
llormation  gives  the  secondary  E.  M.  F.  The  effect  of  the 
rresistance  of  the  secondary  is,  of  course,  to  cut  down  the 
%'B-  M.  F.  at  the  terminals  of  the  secondary.     The  magnetic 


Icaka^i!  lowers  the  secondary  E.  M.  F.  bscause  it  reduces 
the  number  t>{  lines  of  force  thai  ihrcad  through  the 
secondary.     See  Art.  iJ7. 

(12)  Using  formula  4,  we  have 

£=.(J12  f; 

£=  .fll«X  UO  =  r,7.3  vohs.     Ans. 

(13)  Because  the  current  in  the  armature  is  induced  by 
the  magnetism  set  ui>  by  the  currents  in  the  field  instead 
of  being  1<kI  intu  the  armature  from  an  outside  source,  as  in 
ordinary  motors, 

(U)  Tho  two  methods  arc  the  Y  or  star  connection  and 
the  A  (delta)  or  mesh  connection.  In  the  former,  one  end 
of  each  group  ts  connected  to  a  cotnmon  junction  and  the 
other  three  ends  are  attached  to  the  collector  rings.  In 
the  A  method  the  three  groups  are  connected  so  as  to  forin 
a  closed  circuit,  and  the  collector  rings  are  attached  to  the 
junctions  of  the  groups,     Sec  Art,  30. 

(16)     (a)  The  distance  between  the  centers  of  the  poles. 

(k)  Bc<-avisL-th.T.'Woiildbe,ian|rL-r.,f  ..ppr.sina  E.  M,  F.'s 
being  set  up  in  the  two  sides  of  the  coil.     See  Art.  8. 

(Ifi)  The  sj)L-L-d  s  in  revoluti'jns  per  second  is  *jY  ;  hence, 
applying  formula  '4,  wc  hLive 


a.-il) 


^  Vi. 


/  is  tile  number  of  poles ;  hence,  the  number  of  poles  required 
will  be  Vi.      Ans, 

(17)  ((f)  A  synchronous  motor  is  an  alternating-current 
mi)tor  that  runs  in  synchronism  with  the  alternator  that 
supplies  it  wilh  current.      See  Art.  38. 

(/')  They  are  prarlically  the  same  in  construction  as  the 
alternator  of  the  same  type.  Synchronous  motors,  like 
alternators,  m;iy  be  built  wilh  either  a  revolving  armature 
or  revolving  field. 


iia 


(c)  Because  ^he  armature  is  subjected  to  a  rapidly  revers- 
ing torque  and  the  turning  effort  in  one  direction  is  followed 
by  another  in  the  opposite  direction  before  the  armature  gets 
started.     See  Art.  39. 

I        (18)     The  speed  will  be  such  that  s  =  —,  when  «  is  the 

I  frequency  and  /  the  number  of  poles,  or  j  =  — — -  —  =  5  rev- 
I  ohitions  per  second,  or  300  R.  P.  M.     Ans.     See  Art.  43. 

I      (19)     Because  they  give  a  larger  number  of  conductors 

■  in  series  between  the  collector  rings  than  closed-circuit 
i  windings  having  the  same  number  of  armature  conductors, 
R.And,  hence,  are  well  adapted  to  the  generation  of  the  high 

■  voltages  that  are  generally  required  in  connection  with 
fcalternating-current  systems.     See  Art.  5. 

I  (20)  No;  because  the  mi)tor  must  run  at  the  same  fre- 
Bquency  as  the  alternator,  and  the  only  thing  that  can  change 
Ithe   speed   of    the  motor  is  a   change   in   the  speed   of   the 

■  alternator  driving  it.  Changing  the  field  excitation  of  a 
Jsynchronous  motor  will,  however,  change  the  current  that 
lithe  motor  takes  when  carrying  a  given  load,  and  the  field 

■  excitation  should  always  be  adjusted  so  that  the  motor  takes 
■the  minimum  current, 

I  (21)  When  the  motor  is  running  without  load,  the 
PE,  M.  F.  of  ihe  motor  is  almost  exactly  opposite  in  phase 
Kto  that  of  the  dynamo,  but  as  the  load  is  applied,  the  motor 
Hags  a  small  fraction  of  a  revolution,  thus  displacing  its 
»E,  M.  F.  with  regard  to  that  of  the  alternator,  so  that  it  is 
Knot  so  nearly  opposed  to  it.  This  allows  more  current  to 
■flow  through  the  motor  and  enables  it  to  carry  its  load. 
Kee  Art.  40. 

■  (22)  (a)  A  monocyclic  alternator  is  a  single-phase  ma- 
Bchine  provided  with  an  auxiliary  winding  that  is  displaced 
BB0°  from  the  main  winding.  This  auxiliary  winding  has 
■about  one-qnarter  as  many  turns  as  the  main  winding 
Bind  is  intended  to  supply  a  displaced  current  for  use  in 
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^W 


I 

I 


starting  motors.  One  end  o£  the  auxiliary  winding  is  roll- 
neclwl  to  the  middle  point  o(  the  main  winding  and  the 
other  end  is  carried  to  the  middle  collector  ring. 

{I)  The  roooctcyclic  machine  is  intended  for  those  places 
wfaere  the  load  connsts  principally  ot  lights,  but  where  it 
may  be  desired  to  operate  a  few  motors  also. 

{e)  The  pressure  between  the  middle  and  outside  rings 
is  about  .56  tiroes  the  pressure  generated  in  the  main  wind- 
ii^;.  or  .56  X  a,iOO  =  1.233  volts.     Ans. 

(£3)  The  armature  is  provided  with  two  windings  or 
groups  o(  coils  that  arc  displaced  from  each  other,  so  thai 
when  the  current  in  one  group  of  coils  is  at  its  maxi- 
mum value,  the  current  in  the  other  group  is  at  zero.  See 
Aru.  17  and  AT. 

(24)  (d)  The  rectitier  is  used  to  make  tlie  current  that 
flows  through  the  series  field  coils  always  flow  in  the  same 
direction. 

(i)  No;  because  the  rectifier  simply  changes  the  con- 
nections of  the  terminals  of  the  series  coil  as  the  current 
alternates,  so  that,  although  the  current  in  the  series  coils 
diies  not  revcrsi-.  the  current  in  the  mains  is  alternating. 
See  Art.  13. 

(25)  From  formula  4  we  have 

E^.GU  I'; 
or.  200  =  .t;ia  ('; 

and  r=  3-i(i.ti.     Ans. 
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{PART  !,) 


(1)  (a)  An  ampere-hour  meter  is  one  that  gives  the 
(average  value  of  the  product  of  the  current  in  amperes  by 
r  the  time  in  hours  during  which  the  current  was  used. 

{6)  No :  because  the  power  factor  is  not  taken  into  account 
I'Snd  the  current  might  be  much  larger  in  proportion  to  the 
lactual  watts  or  power  supplied  than  it  would  be  if  the  load 
|,Tifere  non-inductive.     See  Art.  102. 

(a)  Because  if  a  short  circuit  should  occur  in  the  primary 
r  secondary  coils,  there  would  be  a  heavy  rush  of  current 
ind  the  coils  would  be  burned  out  if  the  transformer  were 

t  at  once  disconnected  from  the  circuit.  Also,  the  fuses 
■protect  the  transformer  against  overloads.     See  Art.  71. 

(3)  (rt)  The  connections  would  be  similar  to  those  shown 
[in  Fig.  37. 

(A)     Care  should  be  taken  to  see  that  the  current  coil  and 
pressure  coil  are  not  confused,  because  if  the  low-resistance 
I  current  coit  were  connected  across  the  circuit,  a  short  circuit 
\  votild  result.     See  Art.  94. 

(4)  100  horsepower  =  100  X  746  ~  74,«O0  watts, 


-  =  141*. a  amperes. 

The  length  of  wire  is  5  miles,  or  6  X  6,280  =  2«,400  feet. 
§14 


a 


=  fiO  amperes.     Ans. 


» 
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Applying  formula  10,  we  have 

-       ,           .,          10^8x26,400  X  149.3        ^^^  „^^ 
circular  rails  =  ~ - — =  8.50,800    approxi- 
mately. 

This  would  call  for  a  stranded  cable  or  about  4  No.  OOIK) 
vires  in  multiple. 

(5)  It  is  easily  seen  from  the  figures  that  the  meter  has 
run  up  to  its  limit  (10,000,000)  and  has  started  over  again. 
Hence,  the  watt-hours  will  be  (10.000,000  —  !i,9fl5,400)2 
+  (230,200)2  =  409,600  watt-hours,  or  409.0  kilowatt-hours. 
Hence,  amount  of  bill  would  be 

469.6  X  .OS  =  $23.48.     Ans. 
(C)     (a)  Since  ;tO,000   watts  are  delivered  and  since  the 
pressure  at  the  end  of  the  line  is  500,  the  current  must  be 
__  IV  _  30,000  _ 
~  ~E~     500 

{b)     Since  the  station  voltage  is  535  and   the   voltago  at 
the  distant  end  of  the  line  is  500,  the  drop  or  loss  in  pres- 
c  must  be  equal  to  625  —  500  —  25  volts.     Ans. 
U)     The  watts  lost  in  the  line  will  be  equal  to  the  current 
multiplied  by  the  volts  drop;  hence. 

Watts  lost  =  CO  X  25  -  1,500, 
and  since  1  horsepower  —  741!  watts,  we  have 

Horsepower  lost  in  line  =  ^^  ^  2.01.      Ans. 

{d)  The  watts  supplied  must  be  equal  to  the  watts  deliv- 
ered plus  the  watts  lust;  hence,  watts  delivered  to  the  line 
=  30,000  +  1,500  —  31,500,  and  the  horsepower  delivered  to 
^,      ,.  31,500       , ,  ,       , 

the  line  =  — ^^r— -  =  42.2.     Ans. 
i40 

(7)  (rt)  Startinj;;  with  the  dial  at  the  extreme  right,  we 
note  that  the  hand  is  about  jV  of  the  way  between  0  and  7; 
hence,  the  readinj;  is  070;  but  700  would  probably  be  taken, 
as  it  is  hardly  worth  white  to  take  the  reading  closer  than 
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rthe  nearest  hundred.  The  second  hand  has  not  completed 
e  division  from  0  to  !,  hence  we  have  the  reading  (17i)0 ;  the 
ktbird  hand  has  completed  a  little  over  nine  divisions,  hence 
■  we  have  »0,700.  The  fourth  hand  has  not  completed  quite 
Ifour  divisions,  and  the  fifth  hand  has  not  completed  one 
^'division,  hence  we  have  the  complete  reading  390,700. 

(*)  390,700 —  300.400  =  90,300;  and  since  the  constant 
lis  if.  the  actual  watt-hours  will  be  90,300  X  i  =  45,150.  Ans. 

(8)  (rt)  Direct  current  is  usually  employed  where  the 
^-distance  of  transmission  is  short  or  in  cases  where  high  pres- 
L  sures  are  not  necessary. 

{/>)  Alternating  current  is  used  in  cases  where  the  power 
I  roust  be  transmitted  over  a  considerable  distance  and  where 
I  high  pressures  must  be  used.  Alternating  current  at  low 
I  pressure  is  also  used  in  many  short-distance  transmissions, 
I  as,  for  example,  in  factories.     See  Art.  3. 

(9)  ((7)  The  meter  will  not  operate  even  if  the  magnets 
I  arc  swung  in  as  far  as  tht-y  will  go. 

(6)  The  meter  will  run  much  above  its  correct  speed  and 
I  there  is  danger  of  the  armature  being  burned  out. 

(f)  No;  because  these  meters  depend  on  induced  currents 
I'for  their  operation,  and  a  continuous  current  cannot  set  up 
I'the  changing  magnetic  field  necessary  to  induce  the  currents 
|in  the  armature  of  the  meter.     See  Arts.  118  and    lOl. 

(10)  (<i)  {J]{  =  .9fi9,  or  96.3  percent,  of  the  actual  energy 
V^as  recorded  by  the  meter;  hence  the  meter  was  3.1  percent. 

ftao  slow. 

(A)  The  trouble  could  be  remedied  by  shifting  the  per- 
fmanent  magnets  in  a  little. 

(11)  By  using  formula  9,  we  can  calculate  the  resistance 
I  because  both  the  length  and  cross-section  of  the  wire  are 
I  known.  In  order  to  use  the  formula,  the  length  L  must  be 
ftexpressed   in   feet,   hence  /,  =  5,280  X  3  =  15,840   feet,   and 

0.8  X  L       10.8  X  15,840 


ac.ooo 


(1.58   ohms,    nearly.       See 
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(14)  (a)  The  connections  should  be  similar  to  those 
shown  in  Fig.  31  (c). 

(d)  Since  both  the  primary  and  secondary  arc  con- 
nected A,  the  voltage  applied  to  each  primary  coil  will 
be  1,100,  and  the  voltage  between  the  secondary  mains  will 
be  4t*  =  110  volts-     Ans. 

(13)  (a)  The  "  drop  "  is  the  loss  or  falling  off  in  pressure 
that  otxurs  between  the  power  station  and  the  distant  end  of 
the  line. 

(A)  The  drop  depends  on  the  resistance  of  the  line  and 
the  amount  of  current  transmitted  over  the  line.  The  drop 
in  volts  is  equal  to  the  current  in  amperes  multiplied  by  the 
line  resistance  expressed  in  ohms.  The  drop,  therefore, 
increases  as  the  load  on  the  line  increases.  See  Arts.  36 
and  37. 

(14)  (a)  To  find  the  full-load  current,  we  will  use  for 
mula  Iff.  Since  the  load  consists  of  motors  and  lights,  and 
since  the  thrcc-phasc  system  is  to  be  used,  the  constant  T 
will  be  .871*.  lV=i  SIW.OOO  waits,  because  800  kilowatts  are 
to  be  transmitted,     jp,  =  10,000;  hence, 

Current  =  ^X  7"  =  ^^^  X  .679  =  33.»5amperes.     Ans. 


"  £,  10,000 


{*) 

The  size  of  w 

re  in  circular  mils  ma 

using 

formula  14, 

DY.W 

Circular  mils  = 

phr-^' 

In 

this  case, 

D  = 
\V  = 
P  = 
£,= 

t  = 

10  miles 

500,000 ; 
10; 

10,000; 
1,500. 

=  6!!,  800  feet 

Is  may  be  obtained  by 


.       ,  .,         52.800  X  500.000 

"^""'^""^"•^^'"''^=10x100,000,000' 
about  a  No.  i  K.  &  S.     Ans. 
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(t)     To  calculate  the  drop,  we  may  use  formula  16. 

Or,  Drop  =  i:^xJ/, 

where /*=  10;  £,  =  10,000;  andJ/for  this  case  is  equal  to  1. 
Hence.     Drop  = '-^-^^^^^^  =  1,000  volts.     Ans. 

(15)  The  diameter  of  the  wire  is  .016  inch,  or  16  mils, 
and  since  the  area  of  cross-section  in  circular  rails  is  equal 
to  the  square  of  the  diameter  expressed  in  mils,  we  have 
area  of  cross-section  in  circular  mils  =  16'  =  256.     Ans, 

(16)  {a)  An  indicating  wattmeter  is  an  instrument  that 
indicates  the  watts  expended  in  a  circuit  at  any  given  instant. 
Its  reading  indicates  the  actual  watts  expended  at  the  time 
the  reading  is  taken;  that  is,  it  gives  the  product  of  the 
volts  and  amperes  when  used  with  direct  current  or  with 
alternating  current  on  a  non-inductive  circuit.  If  used  on 
an  inductive  alternating-current  circuit,  the  indicating  watt- 
meter indicates  the  actual  watts  expended  or  the  product  of 
the  volt-amperes  by  the  power  factor.     See  Art,  93. 

{b)  A  recording  wattmeter  is  an  instrument  for  recording 
the  total  amount  of  work  done  during  a  given  time.  The 
indicating  wattmeter  is  a  power  indicator;  or,  in  other 
words,  it  indicates  the  rate  at  which  work  is  being  done, 
whereas  the  recording  wattmeter  indicates  the  total  amount 
of  work  done  or  energy  expended  in  a  given  time. 

{(■)  A  recording  wattmeter  usually  registers  wait-hours 
or  else  gives  a  reading  that,  multiplied  by  a  constant,  gives 
the  watt-hours  expended. 

(17)  Alternating-current  dynamos  can  be  readily  built  to 
generate  high  pressures,  because  there  is  no  commutator  to 
give  trouble.  Also,  alternating  current  can  be  easily  trans- 
formed from  one  pressure  to  another,  so  that  the  current  can 
be  transmitted  at  high  pressure  and  then  lowered  for  use  in 
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connection  with  lighting,  the  operation  of  motors,  or  any 
othtrr  purpose  where  high  pressures  would  be  objectionable. 
See  Arts.  60  and  61. 

(18)  From  formula  30,  we  have 

Watts  = J, , 

In  thiB  case,  7*=  80  seconds,  R  =  15,  K  ^  3. 

„                 „        15X  ax  3,GW      ,  ,,_       , 
Hence,    watts  = -■-- ~  1,-150.      Ans. 

(19)  (rf)  A  mil  is  the  thousandth  part  of  an  inch,  i,  e., 
1  mil  =  .mil  inch. 

{b)  A  circular  mil  is  a  unit  of  area  used  for  comparing 
and  expressing  the  area  of  cross-section  of  wires.  It  is  the 
area  bounded  by  a  circle  the  diameter  of  which  is  1  mil  tyr 
one-thousandth  of  an  inch,  and  it  is  therefore  equal  to 
.001111007854  square  inch.     See  Arts.  21,  22,  and  23. 

(20)  This  problem  can  be  solved  by  using  formula  19, 
35 horsepower  =  35  X  74*!  -  1S.650  watts.  Hence,  we  have 
13,G50  ^  1.73-3  X  500  X  (T  X  .80. 

Hence, 

C  =  —^.- .„ — —TT-  —  2(j.fl  amperes.     Ans. 

i.T;!a  X  500  X  -Wi  ^ 

(21)  (a)  Because  the  single-phase  system  is  not  well 
adapted  for  the  operation  of  alternating-current  motors. 

■  (/>)     For  lighting  work.     See  Arts.  63  and  63. 

(22)  Yes;  because  when  they  arc  strung  far  apart  there  is  a 
greater  area  between  them  for  magnetism  to  thread  through ; 
hence,  there  will  be  a  larger  magnetic  flux  to  cut  the  lines. 
See  Art.  85. 

(23)  No;  the  connections  could  not  be  made  in  this  way, 
because  the  E.  M.  F.'s  set  up  in  the  secondaries  would  be 
out  of  phase  with  each  other  and  the  transformers  would 
send  current  around  through  each  other's  secondary  coils. 


) 
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(24)  Because  these  systems  allow  tKe  operation  of  alter- 
nating-current motors,  which  are  self-starting  and  which 
can  be  constructed  so  as  to  start  up  under  load  if  necessary. 

(35)  Because  it  is  difficult  to  build  direct-currentdynamos 
and  motors  for  the  generation  and  utilization  of  current  at 
high  pressure,  chiefly  on  account  of  troubles  that  arise  in 
connection  with  the  commutator.     Ste  Arts.  58  and  59. 

(26)  (a)  The  transformers  would  be  connected  as  shown 
in  Fig.  31  (<f). 

(i)  No;  because  if  one  transformer  breaks  down,  the 
service  is  crippled,  whereas  with  three  transformers  the 
I  remaining  two  will  continue  to  supply  current  even  if  one 
transformer  does  break  down.  Of  course,  if  the  three  trans- 
formers were  connected  Y  instead  of  A,  a  breakdown  would 
cripple  the  service,  and  this  is  one  of  the  reasons  why  the  A 
connection  is  usually  preferred. 

(c)  Three  transformers  of  15  kilowatts  each  would  bf 
sufficient.     See  Table  VIII. 

(37)     See  Art.  51.    Other  conditions  being  equal,  the  size 

of  the  wire  will  be  one-quarter  as  great,  because  the  voltage 

[  has  been  doubled.     The  cross-section  of  No.  0000  is  311,600; 

....  ■    J     .         ■„  u   211, (iOO 

I  hence,  the  cross-section  of  the  required  wire  will  be  — — — 

=  53,900,  or  a  No.  3  B.  &  S.,  very  nearly. 

(28)  Because  all  the  transformers  may  not  regulate  the 
same  with  changes  in  load,  with  the  result  that  same  of  the 
transformers  may  become  overloaded  and  blow  their  fuses, 
thus  throwing  an  additional  load  upon  the  remaining  trans- 
formers and  blowing  their  fuses  also.     See  Art.  75. 

(29)  It  allows  double  the  voltage  to  be  used  and,  hence, 
effects  a  saving  in  copper.     See  Art.  52. 

(30)  (a)  Double-  or  iriple-braid  weather-proof  wire  for 
the  smaller  sizes  and  weather-proof  covered  cable  for  the 
larger  sizes. 


(6)     Lead-covered  wire  o 
rubber.     See  Art.  19. 


cable  insulated  with   paper  < 


(31)  {a)  Make  a  sketch  similar  to  Fig.  28. 

(6)  Connect  a  pair  of  lamps  in  series  across  the  outside 
lines.    They  should  burn  up  to  full  brightness.     See  Art.  78. 

(32)  (a)  Make  a  sketch  similar  to  Fig.  22,  Art.  74. 

{/>)  Care  must  be  taken  to  see  that  terminals  of  the  same 
polarity  are  connected  together.  Similar  terminals  of  the 
primary  should  be  connected  to  the  same  mains,  and  terminals 
of  the  secondary  having  like  polarity  should  be  connected 
together,  or  a  short  circuit  will  result.     See  Art.  74. 
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CPART  3.) 


(1)  (a)  About  1,000  circular  mils  per  ampere. 

{p)     About  1,500  circular  mils  per  ampere.      See  Art,  96, 

(2)  (a)  33  inches  in  circumference  or  7  inches  in  diameter, 
(i)     For  ordinary  lines,   40  poles  to  the  mile  should  be 

sufficient;  for  heavy  lines,  63  poles  per  mile  should  be  used. 
See  Arts.  3  and  5. 

(3)  Porcelain  insulators  are  not  as  likely  to  crack  as 
glass  when  subjected  to  mechanical  shocks.  They  main- 
tain a  higher  insulation  during  rain  storms,  but  their  insu- 
lation is  not  as  high  as  that  of  glass  during  dry  weather. 
Also,  porcelain  insulators  are  more  likely  to  have  cocoons 
and  cobwebs  formed  inside  of  them  on  account  of  the 
interior  being  dark.     See  Art.  8. 

(4)  A  deep-groove  double-petticoat  glass  insulator  simi- 
lar to  that  shown  in  Fig.  4,  Art.  9. 

(5)  The  conductors  are  placed  in  iron  pipes  that  are 
filled  with  insulating  compound.  The  tubes  are  buried 
directly  in  the  ground  and  are  not  placed  in  ducts  of  any 
kind.  The  conductors  are,  therefore,  not  removable  as  in 
conduit  systems.  The  lengths  of  tube  are  joined  together 
by  means  of  coupling  boxes,  which  are  tilled  with  insulating 
compound  after  the  conductors  have  been  joined  by  means 
of  flexible  copper  connections.     See  Art.  20. 
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((!)  So  as  to  prevent  the  accumuliition  of  gas  that  is 
likely  to  lead  to  an  explosion.     See  Art.  21. 

(7)  The  two  machines  must  be  brought  to  the  same 
voltage,  and  they  must  also  be  brought  into  synchronism: 
that  is,  they  must  be  running  at  the  same  frequency  and 
jnust  also  be  in  phase.  Equality  of  frequency  is  the  most 
important  requirement. 

(8)  From  formula  1,  we  have 
J''-'',)r 


In  this  case.  I'=  IM,  I',  = 
_  (120  -  5)  17.0HU 


r, 

5,  and  r=  17,0(10; 


iSHl.OOl)  ohms. 


hence,    ^  =  - 

(S)     The  length  of  the  loop  formed  by  joining  the  far  vad 
will  be  a4,()0»  feet;  hence, 

^  =  24  X  .123  =  3.953  ohms, 
1.000  X  2.952-10  X  163 


J 


and 


Hei 


,  th, 


1,000  +  10  ^l-31B. 

distance  of  the  fault  from  the  testing  station 


.123   ' 

(10)  Either  by  means  of  synchronizing  lamps  or  a  syn- 
chronizing voltmeter.  Synchronizing  lamps  constitute  the 
simplest  method  and  the  one  most  commonly  used.  The 
connections  of  these  lamps  may  be  made  so  that  when 
the  machines  are  in  phase  the  lamps  burn  up  to  full  bright- 
ness, or  the  connections  may  be  such  that  the  lamps  indi- 
cate synchronism  when  they  arc  dark.  The  connections  for 
the  lamps  are  described  in  Art,  91. 

(11)  See  Art.  43  ;  also  Figs.  :}!)  and  40. 

(13)  ((?)  They  should  be  placed  on  the  line  as  well  as  in 
the  station,  because  it  is  better  to  an<)W  the  discharge  to 
pass  off  before  reaching  the  station  than  to  depend  on  the 
station  arresters  alone. 


) 
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(6)  No;  it  merely  diverts  the  discharge  by  providing  a 
path  for  it  to  pass  off  to  the  ground.     See  Arts.  44  and  45. 

(13)  Because  if  a  discharge  comes  in  over  both  lines  at 
once,  a  short  circuit  takes  place  between  the  gaps  of  the 
arrester,  and  a  heavy  rush  of  current  would  follow  if  the 
arc  were  not  immediately  extinguished. 

(14)  Alternators  cannot  be  run  in  series  unless  they  are 
rigidly  connected  together  on  the  same  shaft.  If  the 
machines  were  driven  separately,  their  operation  would  be 
unstable.     See  Art.  76. 

(15)  {a)  Yes. 

(b)  Yes;  it  should  connect  the  two  points  at  which  the 
brushes  connect  to  the  series  coils.     See  Art.  85. 

(16)  {a)  No;  not  unless  the  field  rheostats  of  the 
machines  were  continually  regulated,  and  this  would  be 
hardly  practicable  if  the  load  were  a  fluctuating  one. 

{b)  Either  provide  the  shunt  machine  with  a  series  wind- 
ing and  run  both  as  compound-wound  machines  or  else  cut 
out  the  series  coils  on  the  compound-wound  machine  and 
run  both  as  shunt  machines.  The  first  method  would  prob- 
ably be  the  better,  because  the  compound-wound  machines 
would  maintain  better  voltage  regulation.     See  Art.  88. 

(17)  Because  the  discharge  is  oscillatory,  and,  on  account 
of  the  high  frequency  at  which  it  alternates,  a  high  counter 
E.  M.  F.  is  set  up  in  the  inductive  path. 

(18)  To  interpose  an  inductive  path  between  the  line 
and  the  dynamo,  and  thus  force  th<;  discharge  to  leap  across 
the  air  gap  of  the  lightning  arrester.  The  kicking  roi] 
must  always  be  connected  between  the  device  to  be  pro- 
tected and  the  lightning  arrester.     See  Art.  40. 

(19)  No;  because  as  soon  as  the  machines  are  put  in 
multiple,  their  series  shunts  are  also  in  multiple,  and  any 
change  in  either  shunt  aff<?cts  both  machines.  The  adjust- 
ment should  be  made  by  inserting  a  small  amount  of  resist- 
ance  in    series   with    the   series   field   coil   of   the  machine 
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showing   the    smaller   drop   through   its   series   field.     Set 
Art.  86. 

(20)  The  ftill-load  current  of  the  large  machine  multi- 
plied by  the  resistance  of  its  series  coil  and  switchboard 
lead  must  be  equal  to  the  full-load  current  of  the  small 
machine  multiplied  by  the  resistance  of  its  field  cuil  and 
switchl)oard  lead.  In  other  words,  the  drup  through  the 
two  parts  ii  b  and  r  </,  Fig.  03,  must  be  equal.     See  Art.  8<». 

('21)  Yes:  because  the  voltage  of  a  shunt  machine  drops 
slightly  with  increase  in  load,  and  this  tends  to  equalize  the 
load  between  the  machines.      See  Art.  82. 

(32)  (a)  Because  if  the  load  on  one  of  the  machines 
decreases,  its  voltage  falls  still  lower  because  its  field  exci- 
tation decreases.     See  Art.  78. 

(Ji)  By  adding  an  equalizing  connection  so  as  to  connect 
the  fields  of  the  machines  in  parallel.  This  wire  connects 
the  two  brushes  to  which  the  fields  are  attached. 

(a3)     (d)  From  3  to  2.6  volts. 
(b)  From  2.2  to  1.8  volts, 
(f)   1.8  volts.     See  Arts.  60  and  68. 

(34)  No;  the  charging  current  forms  certain  chemical 
compounds  that,  when  the  cell  is  discharged,  change  back 
to  their  original  form  and  in  doing  s<)  set  up  a  current. 

(35)  (a)  The  capacity  is  usually  given  in  ampere-hours, 
i.  e..  the  pri)duct  of  the  normal  discharge  rate  by  the  num- 
ber of  hours  that  the  battery  can  maintain  the  discharge. 

{b)  Yes;  a  high  rate  of  discharge  decreases  the  output, 
and  if  carried  too  far  may  result  in  buckled  plates.  See 
Art.  59. 

(:ilj)  (ii)  The  true  efficiency  is  the  watt-hour  efficiency, 
because  this  gives  the  ratio  of  the  total  energy  delivered  to 
the  total  energy  supplied.  It  is  obtained  by  dividing  the 
number  of  watt-hours  delivered  when  the  battery  is  dis- 
charged by  the  number  of  watt-hours  supplied  when  the 
battery  is  charged. 
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(d)  The  ampere-hour  efficiency  is  the  ratio  of  the  num- 
ber of  ampere-hours  delivered  to  the  number  of  ampere- 
hours  supplied. 

(c)  Because  the  voltage  required  for  charging  is  consid- 
erably higher  than  the  voltage  obtained  at  discharge,  and 
moreover  the  voltage  of  the  cells  falls  off  as  they  become 
discharged.     See  Art.  59. 

(27)  (a)  Lead  peroxide. 
{d)  Spongy  lead. 

{c)  Both  change  to  lead  sulphate.     See  Art.  66, 

(28)  The  plate  at  which  the  current  flows  in  when  the 
cell  is  charging  and  out  when  it  is  discharging.  See 
Art.  55. 

(29)  In  the  Plants  plate  the  active  material  is  formed  on 
the  lead  plate  itself  either  by  chemical  treatment  or  by 
repeated  charging  and  discharging.  In  the  Faure,  or 
pasted,  plate  the  active  material  is  applied  in  the  form  of  a 
paste  and  is  held  in  grooves  or  openings  provided  for  the 
purpose.     See  Arts.  57  and  58. 
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